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FIG. 13
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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a division of U.S. application Ser. No.
11/044,458, filed on Jan. 28, 2005 which 1s based on and

claims priority of Japanese Patent Application No. 2004-
316974 filed on Oct. 29, 2004, the entire contents of which are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a semiconductor device,

and a method of manufacturing the device.
2. Description of the Related Art

A flash memory, which can hold memory even after power
1s turned off, 1s used 1n mobile devices such as a cell phone
and also used 1n an FPGA (Field Programmable Gate Array)
embedded with a logic circuit. Particularly, when the flash
memory 1s embedded with the logic circuit as 1n the latter
case, 1t 1s necessary to utilize each manufacturing process of
the memory cell and the logic circuit well to prevent a prob-
lem from occurring in a logic-embedded memory to be
shipped as a product.

In the logic-embedded memory, breakdown voltage of a
tunnel nsulating film that constituting the flash memory 1s
monitored before shipping the product in some cases. How-
ever, because the tunnel msulating film 1s formed under a
floating gate, 1n order to monitor the breakdown voltage by
applying voltage from above and below the film, it 1s neces-
sary that a conductive plug be directly contact the floating
gate without contacting a control gate and test voltage be
applied between the conductive plug and a semiconductor
substrate.

For this reason, i1t 1s important how the process of the
conductive plug contacting the floating gate 1s incorporated
into the manufacturing process of a peripheral logic circuit.

The following Patent Documents 1 to 10 disclose various
kinds of logic-embedded memory related to the present
invention.
| Patent Document 1] Japanese Patent Laid-open No. 6-97457

publication
| Patent Document 2] Japanese Patent Laid-open No. 2003-

158242 publication

[Patent Document 3] Japanese Patent Laid-open No.
11-219593 publication

| Patent Document 4] Japanese Patent Laid-open No. 2004-
557763 publication

[Patent Document 5] Japanese Patent Laid-open No.
10-56161 publication

[Patent Document 6] Japanese Patent Laid-open No.
11-31799 publication

[Patent Document 7] Japanese Patent Laid-open No.
10-189954 publication

[Patent Document 8] Japanese Patent Laid-open No. 2003-
37169 publication

| Patent Document 9] Japanese Patent Laid-open No. 2003-
1008877 publication

| Patent Document 10] Japanese Patent Laid-open No. 2003-

124356 publication

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there 1s
provided a semiconductor device comprising: a laminated
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2

structure body, which integrally has: a first portion where a
first insulating film, a first conductor, a second insulating film,
and a second conductor are sequentially formed on a {first
region of a semiconductor substrate; a second portion where
any one of said first conductor and said second conductor, or
said first conductor and said second 1nsulating film are lami-
nated on said semiconductor substrate; and a third portion
where neither said second insulating film nor said second
conductor 1s formed on said semiconductor substrate; and a
third msulating film, which covers said laminated structure
body and includes a hole where a contact region of said first
conductor of said laminated structure body 1s exposed at a

part of said third portion.

Further, according to another aspect of the present inven-
tion, there 1s provided a semiconductor device comprising: a
semiconductor substrate; a first msulating film and a first
conductor sequentially formed on a first region of the semi-
conductor substrate; an insulator formed on a region of the
first conductor other than the contact region; an interlayer
insulating film that covers said first conductor and the 1nsu-
lator and includes hole on said contact region; and conductive
plug that 1s formed 1n said hole and electrically connected
with the contact region of the first conductor.

Furthermore, according to another aspect of the present
invention, there 1s provided a method of manufacturing a
semiconductor device comprising the steps of: forming a first
insulating film on a first region of a semiconductor substrate;
forming a first conductor on said first insulating film; forming
a second isulating {ilm on said first conductor; removing said
second insulating film on the contact region of said first
conductor; forming a second conductive film on said second
insulating film; removing said second conductive film on the
contact region of said first conductor to make the second
conductive film into a second conductor; forming a third
insulating film covering said second conductor; forming a
first hole on said third insulating film on the contact region;
and forming a first conductive plug, which 1s electrically
connected with said contact region, 1n said first hole.

In the method of manufacturing a semiconductor substrate,
it 1s preferable to form the first insulating film also on the
second region of the semiconductor substrate in the step of
forming the first insulating film, to form the second conduc-
tive film also on the first insulating film of the second region
in the step of forming the second conductive film, to pattern
the second conductive film in the second region to make 1t into
a control gate 1n the step of making the second conductive film
into the second conductor, to leave the second 1nsulating film
under the control gate as an intermediate mnsulating film 1n the
step of removing the second insulating film on the contact
region, to form a floating gate made up of the same material as
the first conductor under the intermediate msulating film 1n
the step of forming the first conductor, and to further comprise
the step of forming a first and a second source/drain regions in
the semiconductor substrate beside the floating gate to con-
stitute a flash memory cell by the first and second source/drain
regions, the first insulating film, the floating gate, the inter-
mediate msulating film, and the control gate.

Furthermore, where the flash memory cell 1s formed in this
manner, 1t 1s preferable to form the first insulating film also on
the third region of the semiconductor substrate 1n the step of
forming the first insulating film. Then, 1t 1s preferable to form
the second insulating film also on the first insulating film of
the third region, and to comprise the step of implanting an
impurity into the semiconductor substrate of the third region
while using the first and second insulating films as a through-

film.
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The first and second 1nsulating films used as the through-
film 1n this manner may be removed 1n the step of removing
the second insulating film on the contact region after the
above-described impurity 1s implanted.

According to this, the step of removing the second insulat-
ing {1lm of the third region, which 1s not needed after 1t 1s used
as the through-film for impurity implantation, serves also as a
step of removing the second insulating film on the contact
region. Therefore, the second insulating film above the con-
tact region can be selectively removed without adding an
additional mask step.

Moreover, 1n the step of removing the second insulating
film 1n this manner, only the second insulating film 1s
removed 1n the first region whereas the two layers of the first
insulating film and the second insulating film are removed 1n
the third region, so that etching amount in the third region 1s
larger than that 1n the first region. Therefore, by setting the
ctching amount 1n this step to that 1n the third region, it is
possible to prevent excessive etching of the first and second
insulating films 1n the third region while the second insulating
f1lm 1n the first region 1s completely removed and to prevent a
device 1solation or the like from being etched.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1G are mn-process sectional views of a virtual
semiconductor device (first example) on which a flash
memory and a logic circuit are embedded.

FIGS. 2A to 2D are in-process sectional views of a virtual
semiconductor device (second example) on which the flash
memory and the logic circuit are embedded.

FIGS. 3A and 3B are in-process sectional views of a virtual
semiconductor device (third example).

FIGS. 4A and 4B are in-process sectional views of a semi-
conductor device according to a first embodiment of the
present mvention (1).

FIGS. 4C to 4P are 1in-process sectional views of the semi-
conductor device according to the first embodiment of the
present invention.

FIGS. 5A and 5B are in-process plan views of the semi-
conductor device according to the first embodiment of the
present invention.

FIG. 6 1s a view showing an example of an equivalent
circuit of the semiconductor device according to the first
embodiment of the present invention.

FIGS. 7A to 7G are in-process sectional views ol a semi-
conductor device according to a second embodiment of the
present invention.

FIGS. 8A to 8C are m-process plan views of the semicon-
ductor device according to the second embodiment of the
present invention.

FIGS. 9A to 91 are mn-process sectional views of a semi-
conductor device according to a third embodiment of the
present invention.

FIG. 10 1s an mn-process plan view of the semiconductor
device according to the third embodiment of the present
invention.

FIGS. 11A to 11M are 1n-process sectional views of a
semiconductor device according to a fourth embodiment of
the present invention.

FIGS. 12A to 12C are mn-process sectional views of a
semiconductor device according to a fifth embodiment of the
present invention.

FIG. 13 1s a graph obtained after checking how much As™
1ion 1s blocked depending on the thickness of an anti-reflection
film 1n the fifth embodiment of the present invention.
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FIGS. 14A to 14Y are in-process sectional views of a
semiconductor device according to a sixth embodiment of the
present 1nvention.

FIGS. 15A to 15C are in-process plan views of the semi-
conductor device according to the sixth embodiment of the
present 1nvention.

PR.

(L]
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ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENTS

(1) Preliminary Explanation

Prior to explaining the embodiments of the present inven-
tion, preliminary explanation will be made for the present
invention.

(1) First Example

FIGS. 1A to 1G are the in-process sectional views of a
virtual semiconductor device on which the flash memory and
the logic circuit are embedded (first example).

First of all, description will be made for the process until
the sectional structure shown 1 FIG. 1A will be obtained.

Firstly, a device isolation trench 1a for STI (Shallow
Trench Isolation) 1s formed 1n a silicon substrate 1, and then
a silicon dioxide film 1s buried as a device 1solation insulating
f1lm 2 1n the trench 1a. Subsequently, after thermal oxidation
1s performed to the surface of the silicon substrate 1 to form a
first thermal oxide film 3, a first polysilicon film 4 1s formed
on the entire surface and 1t 1s patterned to leave the polysilicon
{1lm 4 only 1n a first peripheral circuitregion I and a cell region
II. Then, an ONO film 5 1s formed on the entire surface.

Subsequently, as shown 1n FIG. 1B, the first thermal oxide
film 3 and the ONO film 5 on a second peripheral circuit
region III are etched and removed. Then, after thermal oxi-
dation 1s performed to the surface of the silicon substrate 1 1n
the second peripheral circuit region III to form a second
thermal oxide film 7, a second polysilicon film 6 1s formed on
the entire surface.

Next, as shown 1n FIG. 1C, a resist pattern 9 1s formed on
the second polysilicon film 6. Then, the films (4 to 6) in the
first peripheral circuit region I and the cell region II are etched
by using the first resist pattern 9 as a mask. Thus, a floating
gate 45 and a control gate 65, which are made of polysilicon,
are lett 1n the cell region I1. Further, first and second conduc-
tors (da, 6a), which are made of polysilicon, are left in the first
peripheral circuit region 1.

Thereaftter, the first resist pattern 9 1s removed.

Next, as shown in FIG. 1D, a second resist pattern 10 where
the second conductor 6a 1s exposed 1s formed 1n the cell
region II and the second peripheral circuit region I11. Then, by
etching the second polysilicon film 6 by using the second
resist pattern 10 as a mask, a gate electrode 6c¢ 1s formed 1n the
second peripheral circuit region III and the second conductor
6a 1n the first peripheral circuit region I 1s removed to expose
the ONO film 5.

Subsequently, description will be made for the process
until the sectional structure shown in FIG. 1E will be
obtained.

Firstly, n-type impurity 1s ion-implanted into the silicon
substrate 1 by using the tloating gate 45 and the gate electrode
6¢ as a mask to form first to fourth source/drain extensions
(11a to 11d) 1n the silicon substrate 1 beside each gate (45,
6¢). Next, after an imsulating {ilm such as a silicon oxide film
1s formed on the entire surface, the film 1s etched back and left
as msulative sidewalls 14a beside each gate (45, 6¢) and the

first conductor 4a. When etching back the film, the first and
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second thermal oxide films (3, 7) are patterned to be made into
a tunnel insulating film 3¢ and a gate msulating film 7a,
respectively.

Then, the n-type impurity 1s 1on-1implanted into the silicon
substrate 1 again by using the insulative sidewalls 14a as a
mask to form first to fourth n-type source/drain regions (124
to 12d) 1n the silicon substrate 1.

Next, after first to fourth silicide layers (13a to 13d) are
tormed on the first to fourth impurity diffusion regions (12a to
12d), a cover msulating {ilm 15 and an interlayer insulating
film 16 are sequentially formed on the entire surface.
Although not shown 1n the figure, the silicide layers are also
tormed on the top surface of the gate electrodes 65 and 6¢.

According to the above-described process, a peripheral
transistor TR, which 1s made up of the first and second n-type
impurity diffusion region (12a, 12b) and the gate electrode
6¢, 1s formed 1n the second peripheral circuit region 111, and a
flash memory cell FL, which 1s made up of the first and second
n-type impurity diffusion regions (12a, 125), the tunnel 1nsu-
lating film 3a, the tloating gate 45, the intermediate insulating
f1lm 35, and the control gate 65, 1s formed 1n the cell region I1.

On the other hand, the first conductor 4a 1n the first periph-
eral circuit region I serves also as the gate electrode of a
reference transistor (not shown). Since the reference transis-
tor has a gate insulating film formed 1n the same process as the
tunnel nsulating film 3a of the flash memory cell FL, 1t 1s
possible to check the breakdown voltage of the tunnel 1nsu-
lating film 3a of the flash memory cell FLL by checking the
breakdown voltage of the reference transistor.

Next, as shown 1 FIG. 1F, the cover insulating film 15 and
the interlayer insulating film 16 are patterned to form first to
tourth holes (16a to 16d) having a depth reaching the first to
fourth silicide layers (13a to 134) and to form a fifth hole 16e¢
above the first conductor 4a.

The holes (16a to 16d) are formed by etching the interlayer
insulating {ilm 16 while the cover isulating film 15 1s firstly
used as an etching stopper film, and then by etching the cover
insulating film 15 after changing etching gas.

Among these holes, the contact structure of the first to
tourth holes (16a to 16d) 1s called as a borderless contact. In
the borderless contact, even if the holes (16a to 16d) sutler
from slight positional shift and a part of them overlaps the
device 1solation insulating film 2, the etching amount of the
device 1solation isulating {ilm 2 during the formation of the

holes 1s suppressed by the diflerence of etching rate between
the device 1solation mnsulating film 2 and the cover insulating,
film 15.

On the other hand, since the fifth hole 16¢ 1s formed to
contact the first conductor 4a and to apply gate voltage to the
reference transistor, the first conductor 4a must be exposed
under the bottom of the fifth hole 16e. However, 1t 1s neces-
sary to etch the ONO film 5 under the cover insulating film 15
in order to form the fifth hole 16e¢ whereas the formation of the
first to fourth holes (16a to 16d) 1s completed simultaneously
with the end of etching to the cover insulating film 15.

Therelfore, when the etching time of the holes 1s set to the
ctching time of the first to fourth holes (16a to 16d), the
ctching amount of the fifth hole 16¢ becomes insuificient and
the hole 16¢ does not open completely, and thus the first
conductor 4a 1s not exposed.

Therefore, to open the fifth hole 16e, etching must be
additionally performed by a quantity for the etching time of
the ONO {ilm 5 in which the fifth hole 16¢ 1s formed com-
pletely, 1n addition to the etching time necessary for forming,
the first to fourth holes (16a to 16d).
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Despite such long etching time, problem does not arise 1f a
positional shift does not occur between the first to fourth holes
(16a to 164) and the first to fourth silicide layers (13a to 134).

However, if there 1s a positional shift between them, the
device 1solation 1nsulating film 2 under the third hole 16c¢ 1s
etched, for example, and the silicon substrate 1 1s exposed on
the third hole 16¢ as shown 1n the dotted circle of FIG. 1G.
Consequently, short circuit occurs between a third conductive
plug 19¢ buried 1n the third hole 16¢ and the silicon substrate
1, and 1t becomes impossible for the conductive plug 19¢ to
control the electric potential of the third n-type source/drain
region 12¢. Such a problem could occur, not only 1n the third

conductive plug 19¢, but also 1n first, second and fourth con-
ductive plugs (19a, 195, 194) formed 1n the first, second, and

fourth holes (16a, 1656, 164).

(1) Second Example

To solve the problem in the first example, the following
method 1s also considered.

FIGS. 2A to 2D are the mn-process sectional views of the
virtual semiconductor device (second example).

Firstly, after completing the process of FIG. 1D shown 1n
the first example, the n-type impurity 1s 1on-implanted 1nto
the silicon substrate 1 by using the floating gate 46 and the
gate electrode 6c¢ as a mask to form the first to fourth source/
drain extensions (11a to 11d) in the silicon substrate 1 beside
cach gate (4b, 6¢) as shown 1n FIG. 2A.

Next, as shown in FIG. 2B, the insulating film 14 such as
s1licon oxide 1s formed on the entire surface.

Subsequently, as shown 1n FI1G. 2C, the msulating film 14
1s etched back and left as the insulative sidewalls 14a beside
cach gate (4b, 6¢) and the first conductor 4a. Etching 1s further
performed 1n this example to remove the ONO film 5 on the
first conductor 1.

Then, the n-type impurity is ion-implanted 1nto the silicon
substrate 1 again using the msulative sidewalls 14a as a mask
to form the first to fourth n-type source/drain regions (12a to
12d) 1n the silicon substrate 1.

Next, the first to fourth silicide layers (13a to 13d) are
formed on the first to fourth n-type source/drain regions (12a
to 12d).

Thereatter, the first to fifth holes (16a to 16¢) are formed 1n
the interlayer insulating film 16 by performing the process of
FIGS. 1E to 1G explained in the first example, and the sec-
tional structure shown in FIG. 2D 1s obtained.

In the above-described second example, the ONO film 5 1s
removed simultaneously when the insulative sidewalls 14a
are formed by etchback as shown 1n FIG. 2C, and the surface
of the first conductor 4a 1s exposed. Accordingly, the surface
of the first conductor 4a 1s exposed under the fifth hole 16¢
without conducting excessive etching to the first to fourth
holes (16a to 16d).

However, since etching 1s performed longer than etching
time originally required in the etchback process shown in
FIG. 2C, the device 1solation insulating film 2 1s etched and 1ts
top surface becomes lower than that of the silicon substrate 1.
As a result, side surfaces of the third n-type source/drain
region 12¢ and the silicon substrate 1 appear on the sidewalls
ol the device 1solation trench 1a as shown in the dotted line X
of FIG. 2D. Therefore, when positional shift occurs in the
third hole 16c¢, short circuit 1s caused between the third con-
ductive plug 19¢ formed 1n the third hole 16¢ and the silicon
substrate 1 similar to the first example.
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111) Third Example
(111) p

The following method 1s considered 1n addition to the
above-described first and second examples.

FIGS. 3A and 3B are the imn-process sectional views of the
virtual semiconductor device (third example).

Firstly, after the process of FIG. 1C shown in the first
example, a second resist pattern 10 1s formed on the control
gate 66 and the second polysilicon film 6, where the second
conductor 6a 1s exposed, as shown 1 FIG. 3A.

Next, as shown 1n FIG. 3B, the second polysilicon film 6 1s
ctched by using the second resist pattern 10 as a mask to form
the gate electrode 6c¢, and the second conductor 6a and the
ONO film 5 are etched and removed to expose the first con-
ductor 4a. Then, the second resist pattern 10 1s removed.

Thereatfter, the process of FIGS. 1E to 1G explained in the
first example will be performed.

In the third example, the ONO film 5 15 etched and removed
during the patterning of the gate electrode 6c¢. Since the top
surface of the device isolation insulating film 2 becomes
lower than the top surface of the silicon substrate 1 due to the
ctching, a problem similar to the second example occurs.
Further, 11 the gate insulating film in the second peripheral

circuit region III 1s thin, such a problem occurs that the
surface of the silicon substrate 1 1n a region, where source/

drain 1s to be formed, 1s exposed to etching atmosphere of RIE
or the like for a long period of time and 1s contaminated, and
the silicon substrate 1 1s etched, when the ONO film 1s etched.

Although the above-described first to third examples have
different methods of removing the ONO film 5 on the first
conductor 4a, short circuit occurs 1n all examples between the
conductive plug and the silicon substrate 1 in the first to fourth
holes (16a to 164) when removing the ONO film. To prevent
this, addition of photolithographic process exclusively for
removing the ONO film 5 could be considered, but this
increases the number of processes to deteriorate the produc-
tivity of semiconductor devices.

The inventors thought out the following embodiments of
the present invention 1n order to solve the problems in the first

to third examples.

(2) First Embodiment

FIGS. 4A to 4P are in-process sectional views of a semi-
conductor device according to a first embodiment of the
present invention, and FIGS. 5A and 5B are the plan views
thereol.

In this embodiment, a logic-embedded memory such as an
FPGA 1s fabricated.

First of all, description will be made for the process until
the sectional structure shown 1 FIG. 4A will be obtained.

Firstly, after a device 1solation trench 20a for ST11s formed
on a p-type silicon substrate (semiconductor substrate) 20, on
which the first peripheral circuit region (firstregion) I, the cell
region (second region) II, and the second peripheral circuit
region (third region) I1I are defined, silicon oxide 1s buried in
the device 1solation trench 20a as a device 1solation imnsulating
{1lm 21.

Next, thermal oxidation 1s performed to the surface of the
s1licon substrate 20 to form a sacrifice oxide film (not shown),
and P™ 1on as n-type impurity is ion-implanted into the silicon
substrate 20 while the sacrifice oxide film 1s used as a
through-film to form a first n-well 17a 1n a deep portion of the
s1licon substrate 20. Accelerating energy of 2 MeV and dose
of 2x10'° cm™, for example, are employed as the conditions
of 10n implantation.
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Subsequently, B* 1on of the p-type impurity 1s implanted
into the silicon substrate 20 to form a first p-well 175 1n the
s1licon substrate 20 at a shallower portion than the first n-well
17a. This 1on-implantation 1s performed by first and second
steps, and the condition of the first step includes accelerating
energy of 400 KeV and dose of 1.5x10"° cm™, whereas the
second step includes accelerating energy of 100 KeV and the
dose of 2x10™ cm™".

Furthermore, B™ 10n 1s 1on-1implanted into the silicon sub-
strate 20 under the conditions of the accelerating energy of 40
KeV and the dose of 6x10"° cm™, and an impurity diffusion
region 17c¢ for cell for controlling threshold voltage 1s formed.
Thereatter, 10n implantation 1s also performed 1n the sec-
ond peripheral circuit region III to form a second n-well 22
and a second p-well 23 as shown in the drawing. Of these
wells, 10n implantation to the second n-well 22 1s conducted
in the two steps, where the accelerating energy of 600 KeV
and the dose of 1.5x10"> cm™ of P* ion is employed as the
first conditions, and the accelerating energy of 240 KeV and
the dose of 6.0x10™* cm™ is employed as the second condi-
tions. Further, the second p-well 23 1s formed by two step 10n
implantation, where the accelerating energy of 400 KeV and
the dose of 1.5x10° cm™ of B* ion is employed as the first
conditions, and the accelerating energy of 100 KeV and the
dose of 8x10"* cm™ are employed as the second conditions.

Note that the implantation of the above-described n-type
impurity and p-type mmpurity are respectively performed
using resist patterns (not shown), and the resist patterns are
removed aiter the 10n implantations are completed.

Then, after the sacrifice oxide film used as the through-film
of 1on implantation 1s removed by hydrofluoric acid solution
to expose a clean surface of the silicon substrate 20, thermal
oxidation 1s performed to the clean surface in the mixed
atmosphere of Ar and O, under the condition of temperature
at 900° C. to 1050° C. Thus, a thermal oxide film having the
thickness of about 10 nm 1s formed as a first insulating {ilm 24
on each region (I to III) of the silicon substrate 20.

Subsequently, description will be made for the process
until the sectional structure shown i FIG. 4B will be
obtained.

Firstly, a polysilicon film as a first conductive film 25 1s
formed on the first insulating film 24 with the thickness of
about 90 nm by a low pressure CVD (Chemical Vapor Depo-
sition) using SiH, (silane) and PH; (phosphine) as reactive
gas. In-situ phosphorous 1s doped into the polysilicon film
due to PH; 1n the reactive gas.

Then, the first conductive film 25 1s patterned by photoli-
thography to remove it from the second peripheral circuit
region III. The first conductive film 25 in the cell region 11
becomes a stripe shape in word line directions.

Next, a silicon oxide film and a silicon nitride film are
tormed 1n this order on the first conductive film 25 and the first
insulating film 24 on the second peripheral circuit region 111
with the thickness of 5 nm and 10 nm, respectively, by using
the low pressure CVD method. Further, the surface of the
silicon nitride film 1s oxidized 1n O, atmosphere under the
condition of substrate temperature at about 950° C. and heat-
ing time for about 90 minutes to form a silicon oxide film
having the thickness of about 30 nm on the surface of the
silicon nitride film. Consequently, the ONO {ilm, where the
silicon oxide film, the silicon nitride film, and the silicon
oxide film are laminated in this order, 1s formed as a second
insulating film 26 on the entire surface.

The ONO f{ilm constituting the second 1nsulating film 26
has smaller leakage current comparing to the silicon oxide
film even 1t 1t 1s formed at low temperature. Therefore, by
using the second insulating film 26 as an intermediate 1nsu-
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lating film between the floating gate and the control gate of
the flash memory cell, electric charge stored in the floating
gate 1s difficult to flow toward the control gate, by which
information written 1n the flash memory cell can be held for a
long period of time.

After forming the second 1nsulating film 26, by employing
conditions of the accelerating energy o1 150 KeV and the dose
of 3x10™* cm™, As™ ion of the n-type impurity is ion-im-
planted into the silicon substrate 20 while the first and second
insulating films (24, 26) are used as the through-film, thus an
n-type impurity diffusion region 22a 1s formed. The n-type
impurity diffusion region 22a serves to adjust the threshold
voltage of a p-type MOS transistor that will be formed later.

Furthermore, B™ 1on of the p-type impurity 1s 10on-im-
planted 1nto the silicon substrate 20 while the first and second
insulating films (24, 26) are used as the through-film under
the conditions of the accelerating energy of 30 KeV and the
dose of 5x10"* cm ™. Thus, a p-type impurity diffusion region
23a for adjusting the threshold voltage of the n-type MOS
transistor 1s formed 1n the second peripheral circuit region II1.

Note that n-type impurity and p-type impurity are indepen-
dently implanted in the silicon substrate 20 for the impurity
diffusion regions (22a, 23a) by using resist patterns (not
shown).

Subsequently, as shown 1n FI1G. 4C, a first resist pattern 27
1s formed on the second msulating film 26. The {first resist
pattern 27 has a first window 27a on a contact region CR of
the first conductive film 25, which will be connected with the
conductive plug later, and a second window 275 1n the second
peripheral circuit region III. Then, the second 1nsulating film
26 1n a region that 1s not covered by the first resist pattern 27
1s etched by plasma etching using the gas mixture of CHF,
and O, while the first resist pattern 27 1s used as a mask, and
thus the silicon oxide film and the silicon nitride film of the
top layer, which constitute the second nsulating film 26, are
etched. Next, by using HF solution, wet etching 1s performed
tor the silicon oxide film of the bottom layer of the second
insulating film 26 to remove 1t while the first resist pattern 1s
used as a mask.

Consequently, the first conductive film 235 1n the contact
region CR and the silicon substrate 20 in the second periph-
eral circuit region III are exposed, and the second insulating
f1lm 1s left only 1n a region other than the contact region CR.

Then, after removing the first resist pattern 27 by oxygen
ashing, the surface of the silicon substrate 20 is cleaned by
wet treatment.

Next, description will be made for the process until the
sectional structure shown in FIG. 4D will be obtained.

Firstly, oxidizing condition where substrate temperature 1s
set to about 850° C. 1n oxygen atmosphere 1s employed, and
thus silicon in an area that 1s not covered by the second
insulating film 26 1s thermally oxidized. Consequently, a
thermal oxide film having the thickness of about 2.2 nm 1s
formed as a third insulating film 28 on the surface of an area
on the first conductive film 25 made of polysilicon, where the
second 1nsulating film 26 has been removed, and on the sur-
face of the silicon substrate 20 of the second peripheral circuit
region III. The third insulating film 28 1s formed adjacent to
the second msulating film 26, and the second and third 1nsu-
lating films (26, 28) constitute an mnsulator 29. Although not
shown 1n FIG. 4D, 1t should be noted that the thickness of the
insulator 29 on the contact region CR 1s significantly thinner
than that of other regions.

Thereafter, a non-doped polysilicon film having the thick-
ness of about 180 nm 1s formed as a second conductive film 30
on each insulating film (26, 28) by a low-pressure CVD
method using S1H,, as reactive gas.
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Next, description will be made for the process until the
sectional structure shown 1n FIG. 4E will be obtained.

Firstly, photoresist 1s coated on the second conductive film
30, and 1t 1s exposed and developed to form a second resist
pattern 18. Next, the first and second conductive films (25, 30)
and the 1msulator 29 are patterned by using the second resist
pattern 18 as an etching mask. The patterning 1s conducted in
a plasma etching chamber, gas mixture of Cl, and O, 1s used
as etching gas for the first and second conductive films (25,
30) made of polysilicon, and gas mixture of CHF; and O, 1s
used as etching gas for the second insulating film 26 made of
the ONO film.

As aresult of the patterning, the first and second conductive
films (25, 30) 1n the first peripheral circuit region I are made
into first and second conductor (2354, 30a) respectively 1n the
region including the contact region CR while the second
conductive film 30 1s left in the second peripheral circuit
region II1. In the cell region, the first and second conductive
f1lms (25, 30) and the insulator 29 are made into a floating gate
235d, a control gate 304, and an intermediate 1nsulating film
294, respectively.

After this, the second resist pattern 30 1s removed.

FIG. 5A 1s the plan view after completing the process, and
the previous FIG. 4E corresponds to the sectional view taken
along A-A line of FIG. 5A. As shown 1n this drawing, the first
conductor 254 1s made up of a pad portion 255 on the device
1solation msulating film 21 and a gate portion 25¢ on the first
insulating film 24.

Next, as shown 1n FIG. 4F, a third resist pattern 31, which
covers the pad portion 255 of the first conductor 25q and the
second conductive film 30 and includes a third window 31a
where the gate portion 25¢ and the floating gate 254 are
exposed, 1s formed on each region (I to III). Then, As of the
n-type impurity 1s 1on-implanted into the silicon substrate 20
through the third window 31a under the conditions of the
accelerating energy of 50 KeV and the dose of 6x10™* cm™,
first to fourth n-type source/drain extensions (32a to 32d) are
tformed 1n the silicon substrate 20 beside the tloating gate 254
and the gate portion 25c¢.

The third resist pattern 31 1s removed after this.

Next, as shown 1n FIG. 4G, after the side surfaces of the
floating gate 254 and the control gate 304 are oxidized to form
a thermal oxide film (not shown), a silicon nitride film 1s
formed on the entire surface and 1t 1s etched back, and 1t 1s left
as first msulative sidewalls 33 on the side surfaces of the
second conductor 30q and the floating gate 25d.

Next, as shown in FIG. 4H, a fourth resist pattern 34 is
formed on each region (I to I1I). The fourth resist pattern 34
has a fourth window 34a on the contact region CR of the pad
portion 255 and has a gate electrode shape on the second
peripheral circuit region 11I. Then, the mixed gas of Cl, and
O, 1s employed as etching gas and plasma etching 1s per-
formed to the second conductor 30q and the second conduc-
tive film 30 while the fourth resist pattern 34 1s used as a mask.
Thus, the second conductor 30a on the contact region CR 1s
removed to form a first opening 3056 and first and second gate
clectrodes (30f, 30g) are formed on the second peripheral
circuit region II1. Further, 1n this etching, the second conduc-
tive film 30 extended on the device 1solation insulating film 21
1s patterned into wiring 30e.

The fourth resist pattern 34 1s removed after this.

Next, as shown 1n FI1G. 41, a fifth resist pattern 35 including
a fifth window 35aq of a size, where the third insulating film 28
beside the first gate electrode 30/ 1s exposed, 1s formed on
each region (I to III). Then, B™ is ion-implanted into the
s1licon substrate 20 under the conditions of the tilt angle 01 0°,
the accelerating energy of 0.5 KeV and the dose of 3.5x10"*
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cm™ while the fifth resist pattern 35 is used as a mask.
Subsequently, As™ 1s 1on-1implanted into the silicon substrate
20 from four directions through the fifth window 35a under
the conditions of the t1lt angle of 28°, the accelerating energy
of 80 KeV and the dose of 7.0x10** cm™, and thus fifth and
sixth p-type source/drain extensions (32e, 32/) including
n-type pocket regions are formed 1n the silicon substrate 20
beside the first gate electrode 30f. After this, the fifth resist
pattern 35 1s removed.

Then, as shown 1n FIG. 4], sixth resist pattern 36 including
a sixth window 36a of a size, where the third insulating film
28 beside the second gate electrode 30g 1s exposed, 1s formed
on each region (I to III).

Then, As™ 1s 1on-implanted 1nto the silicon substrate 20
under the conditions of the tilt angle of 0°, the accelerating
energy of 3.0 KeV and the dose of 1.0x10"> cm™ while the
s1xth resist pattern 36 1s used as a mask. Subsequently, BF, 1s
ion-implanted into the silicon substrate 20 through the sixth
window 36a under the conditions of the tilt angle of 28°, the
accelerating energy of 35 KeV and the dose 0of 1.0x10" cm ™,
and thus first and second n-type source/drain extensions (32g,
32/) including p-type pocket regions are formed in the silicon
substrate 20 beside the second gate electrode 30g. After this,
the sixth resist pattern 36 1s removed.

Next, description will be made for the process until the
sectional structure shown 1n FIG. 4K will be obtained.

Firstly, after a silicon oxide film 1s formed on the entire
surface by the CVD method, the silicon oxide film 1s etched
back to form second insulative sidewalls 37 on the side sur-
faces of the second conductor 30q, the control gate 30d, the
wiring 30e, and the first and second gate electrodes (307, 30g).
Then, by continuing the etchback, the third insulating film 28
that constitutes the insulator 29 on the pad portion 235 1s
ctched by using the second insulative sidewall 37 as a mask,
and a second opening having a smaller diameter than the first
opening 306 1s formed.

Further, the first insulating film 24 1s patterned by the
ctchback while the second 1nsulative sidewalls 37 function as
a mask, and the first insulating film 24 1s left as a gate 1nsu-
lating film 24q and a tunnel insulating film 245 under the gate
portion 25¢ and the floating gate 254, respectively.

Furthermore, the third mnsulating film 28 1s patterned in the
second peripheral circuit region III, and 1t 1s left as gate
insulating films (28a, 285) under the first and second gates
(307, 30g).

Subsequently, as shown 1n FI1G. 4L, a seventh resist pattern
39 where an NMOS forming region 1s exposed 1s formed on
the silicon substrate 20, and P™ 1s ion-implanted into the
s1licon substrate 20 under the conditions of the accelerating
energy of 10 KeV and the dose of 6x10"> cm™ while the resist
pattern 39 1s used as a mask. Consequently, first and sixth
n-type source/drains (38a to 38f) are formed in the silicon
substrate 20 beside the gate portion 25c¢, the floating gate 254,
and the first gate electrode 30f. In addition, the n-type impu-
rity 1s also introduced into the second conductor 30a, the
control gate 304, and the first gate electrode 30/, in this 10on
implantation, and they are made into n-type.

As a result, a reference transistor TR, _, which 1s made up
of the gate portion 25¢, gate insulating film 24a, and the first
and second n-type source/drain regions (28a, 28b), 1s formed
in the first peripheral circuit region I. On the other hand, a
flash memory cell FL, which 1s made up of the control gate
304, the mtermediate insulating film 294, the tloating gate
254, the tunnel mnsulating film 245, and the third and fourth
n-type source/drain regions (38c, 38d), 1s formed in the cell
region I1. Then, an n-type MOS transistor TR, , which 1s made
up of the first gate electrode 30, the gate mnsulating film 28a,
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and the fifth and sixth n-type source/drain regions (38e, 38f),
are formed 1n the second peripheral circuit region II1.

After this, the seventh resist pattern 39 1s removed.

Subsequently, as shown 1n FIG. 4M, the first peripheral
circuit region I, the cell region II, and the n-type MOS tran-
sistor TR 1s covered by an eighth resist pattern 40. Then, the
ion 1mplantation conditions of the accelerating energy of 5
KeV and the dose of 4x10" cm™ are employed, and first and
second p-type source/drain regions (38g, 38/) are formed by
introducing p-type impurity in the silicon substrate 20 beside
the second gate electrode 30g. Consequently, a p-type MOS
transistor TR, which 1s made up of the second gate electrode
30g, the gate insulating film 285, and the first and second
p-type source/drains (38¢g, 38/2), are formed in the second
peripheral circuit region III next to the n-type MOS transistor
TR, .

The p-type MOS transistor TR, constitutes a logic circuit
such as a sense amplifier together with the n-type MOS tran-
sistor TR, .

The eighth resist pattern 40 1s removed after the ion
implantation 1s completed.

Next, description will be made for the process until the
sectional structure shown 1n FIG. 4N will be obtained.

Firstly, after a cobalt film 1s formed on the entire surface at
the thickness of about 8 nm by a sputtering method, the cobalt
film 1s annealed to allow 1t to react with silicon. Then, the
cobalt film on the device 1solation nsulating film 21 or the
like, which has not been reacted, 1s removed by wet etching to
form first to eighth cobalt-silicide layers (41a to 41/) on the
surface layer of the silicon substrate 20. Although not shown
in the figure, cobalt-silicide layers are also formed on the top
surface of the gate electrodes

Subsequently, a silicon nitride film 1s formed 1n the thick-
ness ol about 50 nm by the CVD method, and 1s used as an
ctching stopper film 42. Next, a silicon oxide film as a fourth
insulating film 43 1s formed on the etching stopper film 42 by
the CVD method, and the etching stopper film 42 and the
fourth insulating film 43 are made to be a first interlayer
insulating film 44. Note that the thickness of the fourth 1nsu-
lating film 43 1s about 1000 nm on the flat surface of the
s1licon substrate 20.

Subsequently, the top surface of the first interlayer imsulat-
ing film 44 1s polished to make 1t flat by a CMP (Chemical
Mechanical Polishing) method. Then, the first interlayer insu-
lating film 44 1s patterned by photolithography to form first to
ninth holes (44a to 44i). Of these holes, the first hole 44a 1s
positioned on the contact region CR of the pad portion 255,
and 1s formed 1nside the first and second openings (305, 294a).
Further, the remaining second to ninth holes (44b to 44i) are
respectively formed on the cobalt-silicide layers (41a to 4117).
Since the second 1nsulating film 26 constituted by the ONO
film 1s not formed under the above-described first hole 444, i1t
1s possible to expose the surface of the pad portion 255 by
forming the first hole 444 under the same forming conditions
of the fourth to ninth holes (44a to 44i) 1n the second periph-
eral circuit region III.

Next, description will be made for the process until the
sectional structure shown 1n FIG. 40 will be obtained.

Firstly, a'T1 (titanium) {ilm and a TiN (titan1um nitride) {ilm
are formed 1n this order in the first to ninth holes (44a to 44i)
and on the first interlayer insulating film 44 by the sputtering
method, and they are used as a glue-film, and a W (tungsten)
film 1s formed on the glue-film by a CVD method using
tungsten hexatluoride as reactive gas to completely fill the
inside of the first to ninth holes (44a to 44i). Then, excessive
W film and glue-film formed on the top surface of the first
interlayer insulating film 44 are removed by the CMP
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method, and they are leit as first to ninth conductive plugs
(45a to 45i) inside the first to ninth holes (44a to 44i).

Of these conductive plugs, the second to ninth conductive
plugs (456 to 45i) are electrically connected with the source/
drain regions (38a to 38/) via the cobalt-silicide layers (41a
to 414).

On the other hand, the first conductive plug 45a 1s electri-
cally connected with the contact region CR of the first con-
ductor 2355.

Further, as shown in the drawing, the second insulating film
26 constituting the mnsulator 29 1s structured to be farther from
the contact region CR than the third insulating film 28.

Next, description will be made for the process until the
sectional structure shown 1n FIG. 4P will be obtained.

Firstly, after a low dielectric constant insulating film 46 of
a coating type 1s formed on the entire surface, a silicon oxide
f1lm to prevent the low dielectric constant insulating film 46
from absorbing moisture 1s formed on 1t as a cover msulating
f1lm 47, and the low dielectric constant insulating film 46 and
the cover insulating film 47 are made to be a second interlayer
insulating film 48.

Subsequently, the second interlayer insulating film 48 1s
patterned by photolithography to form first to ninth wiring,
grooves (48a to 48i) on each plug (45a 59 45i). Note that, 1n
the photolithography, mixed gas of CHF ; and O, 1sused as the
etching gas of plasma etching to the cover insulating film 47
made of silicon oxide, and O, 1s used as the etching gas of
plasma etching to the low dielectric constant insulating film
46.

Then, a Cu (copper) film 1s formed as a seed layer on the
entire surface by the sputtering method after depositing TaN
layer, an electrolytic copper plated film 1s formed on the seed
layer by supplying electric power to the seed layer, and each
wiring groove (48a to 48i) 1s completely filled by the copper
plated film. After that, excessive seed layer and copper plated
film formed on the second interlayer insulating film 48 are
removed by the CMP method, and they are left in each wiring,
groove (48a to 48i) as first to ninth copper wirings (49a to
491).

Although the function of the first to ninth copper wirings
(49a to 49i) 1s not particularly limited, the fourth and fifth
copper wirings (49d, 49¢) above the flash memory cell FL
function as a bit line (BL) and a source line (SL) of an NOR
type flash memory, for example. Furthermore, the control
gate 304 functions as a word line (WL).

FI1G. 5B 1s the plan view after the process has been finished,
and the previous FIG. 4P corresponds to the sectional view
taken along B-B line of FIG. 3B. It 1s to be noted that the first
to minth copper wirings (49a to 497) and the second interlayer
insulating film 28 in FIG. 5B are omitted to make the planar
layout of each layer be easily read.

As shown 1n the drawing, the second conductor 30a 1s
tormed so as to extend from above the gate portion 25¢ of the
first conductor 254 to the outside of the contact region CR of
the pad portion 25b. Further, the second conductor 30a 1s
surrounded by the insulating film and 1s in an electrically
floating state.

The basic structure of the semiconductor device according,
to the present invention 1s thus completed.

The semiconductor device has a first portion L. where the
first 1msulating film 24, the first conductor 234, the second
insulating {ilm 26, and the second conductor 30a are sequen-
tially formed on the silicon substrate 20, as shown 1n FIG. 40.
Additionally, the semiconductor device has a second portion
M where either the first conductor 254 and the second con-
ductor 30a or the first conductor 25q and the second insulat-
ing film 26 are laminated, and a third portion N where neither
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the second 1nsulating film 26 nor the second conductor 30a 1s
laminated. Then, a lamiated structure body 120 that inte-
grally has the first to third portions (L to N) has been formed
in the semiconductor device.

Further, the reference transistor TR, . 1s formed 1n this
semiconductor device as shown in FIG. 4P, but the function of
the reference transistor TR, .1s not particularly limited. For
example, the reference transistor IR, -1s used to check the
breakdown voltage of the tunnel 1nsulat1ng film 245b of the
flash memory cell FL before 1t 1s shipped from a factory. To
check this, the electric potential of the gate portion 25¢ 1s
increased Via the first conductive plug 454 1n the state where
predetermined voltage 1s applied to the first and second n-type
source/drain regions (38a, 38b) via the second and third con-
ductive plugs (455, 45¢). Then, since electric current 1s made
to flow 1n the first conductive plug 45 when breakdown 1s
caused 1n the gate msulating film 24a to allow electrons to
enter the gate portion 235¢, it 1s possible to check the break-
down voltage of the tunnel insulating film 245, which has
been formed in the same process as the gate msulating film
24a, of the flash memory cell FL by detecting the current.

Alternatively, as shown in FIG. 6, the above-described
reference transistor IR, .may be used in order to generate
reference current I, _.that 1s input to a sense amplifier S/A. In
this case, voltage of about 2V 1s applied as gate voltage V , to
the gate portion 25¢ of the reference transistor 1R, - and
voltage of about 0.5V 1s applied between source-drain. Thus,
the reference current I, . 1s allowed to tlow between the
source-drain of the reference transistor 1R, and 1s input to
the sense amplifier S/A. Then, the sense amphﬁer S/A com-
pares the sizes of the reference current I, - and the readout
current I, of the flash memory cell FL, and it 1s determined
which mformation of 1 and O 1s written 1n the flash memory
cell FL.

Since the reference transistor TR, -has the same tempera-
ture characteristic as the flash memory cell FL, the size of the
reference current I, -becomes small when ambient tempera-
ture 1s increased and the size of the readout current I,
becomes small, for example, so that a difference between the
currents I, -and I, 1s not attected by temperature. Theretore,
it 1s difficult to cause error in the sense amplifier S/A 1n
Comparlng the currents I, .and I; even 1t the ambient tem-
perature 1s changed, and readout operation of the flash
memory cell FL can be performed accurately.

According to this embodiment described above, the n-type
1mpur1ty diffusion region 22a and the p-type impurity difiu-
sion region 23a, which are used for adjusting threshold value,
are formed 1n the second peripheral circuit region III by 10n
implantation while the first insulating film 24 and the second
insulating film 26 made up of the ONO {ilm are used as a
through-film, as shown in FIG. 4B. Then, as shown 1n FIG.
4C, the first and second insulating films (24, 26), which
completed their function as the through-film after the 1on
implantation, are removed on the second peripheral circuit
region III, and the second insulating film 26 on the contact
region CR of the first peripheral circuit region I 1s also
removed simultaneously. Accordingly, this embodiment does
not need an additional mask process for removing the second
insulating {ilm 26 on the contact region CR, and 1t 1s made
possible to selectively remove the second insulating film 26
on the contact region CR while suppressing the increase of the
number of processes.

In addition, 1n the etching process of FIG. 4C, only the
second isulating film 26 1s removed 1n the first peripheral
circuit region I whereas the two layers of the first and second
insulating films (24, 26) are removed 1n the second peripheral
circuit region III, so that the etching amount 1n the second
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peripheral circuit region III becomes larger than that in the
first peripheral circuit region 1. For this reason, by setting the
ctching amount 1n this process to that in the second peripheral
circuit region III, 1t 1s possible to prevent excessive etching of
the first and second insulating films (24, 26) in the second
peripheral circuit region 111 while the second insulating film
26 1 the first peripheral circuit region I 1s completely
removed. Therefore, since the etching of the device 1solation
insulating film 21 such as the first to third examples explained
in the preliminary explanation of the present invention does
not occur in the second peripheral circuit region III, short
circuit between the conductive plugs (457 to 45i) and the
s1licon substrate 20 due to the etching of the device 1solation
insulating film 21 can be prevented, which reduces the num-
ber of defective semiconductor devices and improves produc-

tivity.

(3) Second Embodiment

Although the transistor having the first conductor 25aq as a
gate was formed 1n the first embodiment, 1t 1s also possible to
form a capacitor having the first conductor 254 and the second
conductor 30 as an electrode. In this embodiment, the above-
described first conductor 1s used 1n a pumping capacitor to
generate high voltage for controlling a flash memory cell.

FIGS. 7A to 7G are the m-process sectional view of the
semiconductor device according to the second embodiment
of the present invention, and FIGS. 8A to 8C are the plan
views thereof. In these drawings, reference numerals same as
those of the first embodiment are attached to elements
explained 1n the first embodiment, and their explanation will
be omitted 1n the following.

First of all, description will be made for the process until
the sectional structure shown 1n FIG. 7A will be obtained.

Firstly, as described in FIG. 4F of the first embodiment, the
first and second conductive films (25, 30) and the insulator 29
are patterned by using the second resist pattern 18 as an
ctching mask. However, the gate portion 255 as shown 1n the
first embodiment 1s not formed 1in the first conductor 25a,
which was formed by the patterning, on the first peripheral
circuit region I, as shown in FIG. 7A.

FIG. 8A 1s the plan view at the point when the patterning,
completed, and the above FIG. 7A corresponds to the sec-
tional view taken along C-C line of FIG. 8A. As shown 1n the
drawing, the first conductor 25a 1s patterned 1nto a rectangu-
lar shape of a capacitor lower electrode.

Next, As 1s 1on-implanted into the silicon substrate 20
through the third window 31a of the third resist pattern 31 as
shown in FIG. 7B under the conditions of the accelerating
energy of 50 KeV and the dose of 6x10'* cm™, second and
third n-type source/drain extensions (32¢, 32d) are formed in
the silicon substrate 20 beside the floating gate 25d. The third
resist pattern 31 1s removed atter that.

Subsequently, as shown 1n FIG. 7C, after forming the sili-
con nitride film on the entire surface, 1t 1s etched back and left
as the first insulative sidewalls 33 on the side surfaces of the
first insulator 30 and the floating gate 254.

Next, as shown 1n FIG. 7D, the fourth resist pattern 34 1s
formed on each region (I to III) and plasma etching 1s per-
tormed to the second conductor 30a and the second conduc-
tive film 30 by using the fourth resist pattern 34 as a mask.
Thus, the first opening 305 1s formed 1n the second conductor
30a on the contact region CR, and the second conductor 30q
1s patterned into the rectangular shape of a capacitor upper
clectrode. The second conductive film 30 1s patterned to form
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the first and second gate electrodes (30/, 30g) and the wiring
30e 1n the second peripheral circuit region III.

The fourth resist pattern 34 1s removed after this.

FIG. 8B 1s the plan view at the point when this process 1s

ended, and the above FIG. 7D corresponds to the sectional
view taken along D-D line of FIG. 8B.

Next, description will be made for the process until the
sectional structure shown 1n FIG. 7E will be obtained.

Firstly, by performing the processes described in FIGS. 41
and 4] of the first embodiment, the first and second n-type
source/drain extensions (32e, 32/) and the first and second
p-type source/drain extensions (32g, 32/2) are formed 1n the
s1licon substrate 20 beside the first and second gate electrodes
(307, 30g). Then, after forming the silicon oxide film on the
entire surface by the CVD method, the silicon oxide film 1s
etched back to form the second insulative sidewalls 37 on the
side surfaces of the second conductor 30a, the control gate
30d, the wiring 30e, and the first and second gate electrodes
(307, 30g).

By conducting small amount of over-etching atter the etch-
back, the third insulating film 28 made of silicon oxide under
the first opening 1s removed to form the second opening 29a,
and the contact region CR 1s exposed from the second open-
ing 29a. Note that the etchback 1s performed to the extent
where the second 1nsulating film 26 constituted by the ONO
f1lm 1s left, so that a problem of significant reduction of the
device 1solation insulating film 21 in the peripheral circuit
regions does not occur.

Furthermore, as a result of the etchback, the first insulating
{1lm 24 under the tfloating gate 254 1s patterned into the tunnel
insulating film 245, and the third insulating film 28 under the
first and second gate electrodes (30/, 30¢g) are patterned nto
the gate mnsulating films (284, 28).

Thereatter, by performing the ion implantation process of
FIGS. 41 and 4M described 1n the first embodiment, the third
to sixth n-type source/drain regions (38¢ to 38/) and the first
and second p-type source/drain regions (38g, 387) are formed
in the silicon substrate 20 beside the tloating gate 254 and the
first and second gate electrodes (307, 30g2).

Next, by performing the process of FIGS. 4N and 40

described 1n the first embodiment, the basic structures of the
flash memory cell FL, the n-type MOS transistor TR, and the
p-type MOS transistor 1R , as in the sectional view of FIG 7G
are completed. Then, as shown in FIG. 7@, a tenth hole 44/
having the depth reaching the second conductor 30a 1s
formed, and a tenth conductive plug 45; electrically con-
nected with the second conductor 30« 1s formed in the hole.

FIG. 8C 1s the plan view at the point when this process 1s
ended, and the above FIG. 7F corresponds to the sectional
view taken along E-E line of FIG. 8C.

After this, by performing the same process described 1n
FIG. 4P of the first embodiment, the second interlayer 1nsu-
lating layer and the copper wiring are formed to complete the
basic structure of the semiconductor device according to this
embodiment.

In the semiconductor device, as shown in FIG. 7G, the
insulating film 26 that constitutes the insulator 29 between the
first and second conductors (254, 30a) functions as a capaci-
tor dielectric film, and the first and second conductors (25a,
30a) and the 1mnsulating film 26 constitute a capacitor Q.

Although the function of the capacitor Q 1s not particularly
limited, it 1s preferable to use the capacitor Q as a pumping
capacitor i a voltage boost circuit that boosts the power
source voltage of 1.2V to generate high voltage of 10V. The
high voltage obtained in this manner 1s applied to the control
gate 304 when writing or erasing i1s performed to the flash
memory cell FL, by which electrons are injected or drawn out
to/from the tloating gate 254 via the tunnel insulating film

24b.
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Further, since the diameter of the second opening 29a was
set smaller than that of the first opening 305 1n the capacitor
Q, the second msulating film 26 1s structured so as to expand
between the side surface of the first opening 306 and the first
conductor 254 as shown 1n the dotted line circle. According to
such structure, the second insulating film 26 always exists
between the first conductor 25a and the second conductor
30a, so that the breakdown voltage of the capacitor Q 1s not
deteriorated via the second msulating film 26.

According to this embodiment described above, as
explained referring to FIGS. 4B and 4C in the first embodi-
ment, the second 1nsulating film 26 made of the ONO film on
the contact region CR of the first peripheral circuit region I 1s
removed simultaneously with the removal of the first and
second 1nsulating films (24, 26 ) that were used as the through-
film when forming the impurity regions (22a, 235) for adjust-
ing threshold value of transistor by 1on implantation. Conse-
quently, 1t becomes possible to selectively remove the second
insulating film on the contact region CR without adding the
mask process, and the etching of the device 1solation 1nsulat-
ing film 21 such as the first to third examples explained in the
preliminary explanation of the present invention does not
OCCUL.

(4) Third Embodiment

In this embodiment, the first conductor 25a described 1n the
first embodiment 1s used as a resistor element.

FIGS. 9A to 91 are the mn-process sectional views of the
semiconductor device according to the third embodiment of
the present invention, and FIG. 31 1s the plan view thereof. In
these drawings, reference numerals same as those of the first
embodiment are attached to elements explained 1n the first
embodiment, and their explanation will be omitted 1n the
following.

First of all, description will be made for the process until
the sectional structure shown 1 FIG. 9A will be obtained.

Firstly, after performing the process of FIG. 4B of the first
embodiment, the first resist pattern 27 including the first
windows 27a on the two contact regions CR of the first
conductive film 25 1s formed on the second 1insulating film 26.
Then, the second isulating film 26 on the contact regions CR
1s removed and the first and second insulating films (24, 26)
on the second peripheral circuit region III are removed by
photolithography by using the first resist pattern 27 as a mask.
After that, the first resist pattern 27 1s removed.

Next, as shown 1n FIG. 9B, the oxidation conditions same
as the first embodiment 1s employed and silicon that 1s not
covered by the second insulating film 26 1s thermally oxi-
dized, and a thermal oxide film formed by the oxidation is
used as the third insulating film 28. Then, a polysilicon film as
the second conductive film 30 1s formed on the msulator 29
that 1s made up of the third insulating film 28 and the second
insulating film 26.

Subsequently, as shown 1n FIG. 9C, the first and second
conductive films (25, 30) and the insulator 29 are patterned by
photolithography, and the first and second conductive films
(25, 30), which are left without being etched 1n the first
peripheral circuit region I, are made 1nto the first and second
conductor (25a, 30a), and the first and second conductive
films (25, 30) and the 1insulator 1n the cell region II are made
into the tloating gate 254, the control gate 304, and the inter-
mediate msulating film 294, respectively.

Next, as shown in FIG. 9D, n-type impurity 1s 10n-1m-
planted to the silicon substrate 20 through the third window
31a of the third resist pattern 31, and the second and third
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n-type source/drain extensions (32¢, 32d) are formed on the
s1licon substrate 20 beside the floating gate 254.

The third resist pattern 31 1s removed after that.

Next, as shown 1n FIG. 9E, after the silicon nitride film 1s
formed on the entire surface, 1t 1s etched back to leave it as the
first insulative sidewalls 33 on the side surfaces of the second
conductor 30a and the floating gate 254.

Subsequently, as shown in FIG. 9F, the second conductor
30a and the second conductive film 30 are etched while the
fourth resist pattern 34, which includes two of the fourth
windows 34a corresponding to the two contact regions CR of
the first conductor 254, 1s used as an etching mask. Conse-
quently, the second conductive film 30 1s patterned and the
first opening 305 1s formed on the contact region CR, and the
second conductive film 30 on the second peripheral circuit
region III 1s patterned and the first and second gate electrodes
(307, 30g) are formed. Further, the second conductive film 30
that has been extended over the device 1solation mnsulating
f1lm 21 1s also patterned into the wiring 30e.

After that, the fourth resist pattern 34 used 1n patterning 1s
removed.

Next, as shown i FIG. 9G, the fifth and sixth n-type
source/drain extensions (32e, 32/) and the first and second
p-type source/drain extensions (32g, 32/2) are formed 1n the
s1licon substrate 20 beside the first and gate electrodes (307,

30g).
Then, after the silicon oxide film 1s formed on the entire

surface by the CVD method, the silicon oxide film 1s etched
back to form the second insulative sidewalls 37 on the side
surfaces of the second conductor 30a, the control gate 304,
the wiring 30e, and the first and second gate electrodes (30,
30g).

Furthermore, as a result of the etchback, the first insulating
{1lm 24 under the tloating gate 254 1s patterned into the tunnel
insulating film 245, and the third insulating film 28 under the
first and second gate electrodes (30/, 30g) 1s patterned 1nto the
gate msulating films (28a, 28b). Still further, the third 1nsu-
lating film 28 on the contact region CR of the first conductor
235a 1s removed and the second opening 29a smaller than the
first opeming 305 1s formed, and the contact region CR 1s
exposed on the second opening 29a.

Subsequently, as shown 1n FIG. 9H, the third to sixth n-type
source/drain extensions (32¢ to 32f) and the first and second
p-type source/drain extensions (32g, 32/2) are formed in the
s1licon substrate 20 beside the floating gate 254, the first and
gate electrodes (307, 30g).

Next, by performing the processes of FIGS. 4H to 40
described 1n the first embodiment, the first, fourth to ninth
holes (44a, 44d to 44i) are formed in the first interlayer
insulating film 44 as shown in FIG. 91, and then, the first,
fourth to ninth conductive plugs (45a, 434 to 45i) are formed
in the holes.

With the foregoing processes, the basic structure of the
flash memory cell FL, n-type MOS transistor TR, and the
p-type MOS transistor 1R, have been completed.

FIG. 10 1s the plan view at the point when the processes
have completed, and the above FIG. 91 corresponds to the
sectional view taken along F-F line of FIG. 10.

After this, the second interlayer insulating layer and the
copper wiring are formed by performing the process same as
the one described 1 FIG. 4P of the first embodiment to
complete the basic structure of the semiconductor device
according to this embodiment.

In the semiconductor device, as shown 1n FIG. 91, two of
the first holes 44a are formed on the first conductor 25q at an
interval, and the first conductive plugs 4354 are formed 1n each
of the first holes 44a. Then, a resistor element R having the
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two of the first conductive plugs 454 as a terminal and the first
conductor 25q as a resistor 1s formed as shown 1n the drawing.

The function of the resistor element R 1s not particularly
limited, and may be any resistor required 1n a logic circuit.

Meanwhile, the second conductor 30a on the second 1nsu-
lating film 26 1s 1n an electrically floating state, and 1s not
clectrically connected with the above-described resistive ele-
ment R. However, if the second conductor has short circuit
with the first conductor 25q near the first opening 305, there
1s a fear that electric current that should flow 1n the first
conductor 254 tlows 1nto the second conductor 30a to lower
the resistance of the resistive element R higher than a
designed value.

In view of such point, the diameter of the second opening
29a 1s formed smaller than that of the first opening 305.
According to this, the second msulating film 26 1s structured
so as to expand between the side surface of the first opening
305 and the first conductor 25a as shown 1n the dotted line
circle, so that the short circuit does not occur between the first
conductor 23a and the second conductor 30a similar to the
second embodiment. As the result, variation of the resistance
of the resistive element R associated with the short circuit
between the first and second conductors (25a, 30a) can be
controlled, and thus the resistance can be attained as
designed.

Furthermore, 1n this embodiment described above, the sec-
ond isulating film 26 made of the ONO {ilm on the contact
region CR of the first peripheral circuit region I 1s removed
simultaneously with the removal of the first and second insu-
lating films (24, 26) that was used as the through-film when
forming the impurity regions (22a, 23b) for adjusting thresh-
old value of transistor by 1on implantation, as described refer-
ring to FIGS. 4B to 4C 1n the first embodiment. For this
reason, 1t 1s possible to selectively remove the second insu-
lating film on the contact region CR without increasing the
number of processes.

Still further, similar to the first embodiment, the etching
amount of the second peripheral circuit region III 1s larger
than that in the first peripheral circuit region I in the process
of removing the first and second insulating films (24, 26).
Theretfore, by setting the etching amount 1n this process to
that 1n the second peripheral circuit region 111, it 1s possible to
prevent the etching amount 1n the second peripheral circuit
region I1I from becoming excessive while the second msulat-
ing {ilm 26 on the contact region CR 1s completely removed,
and thus the device 1solation msulating film 21 of the second
peripheral circuit region III can be prevented from being
etched.

(5) Fourth Embodiment

In the first embodiment, the second conductor 30a was left
in the first peripheral circuit region I, but 1t 1s removed hali-
way during the process 1n this embodiment.

FIGS. 11A to 11M are the in-process sectional view of the
semiconductor device according to the fourth embodiment of
the present invention. In these drawings, reference numerals
same as those of the first embodiment are attached to elements
explained 1n the first embodiment, and their explanation will
be omitted 1n the following.

Firstly, by performing the process of FIG. 4C described in
the first embodiment, the second insulating film 26 1s pat-
terned as shown 1n FIG. 11A. However, although the second
insulating {ilm 26 after patterning was left 1n the first periph-
eral circuitregion I other than the contact region CR as well in
the first embodiment, the second 1nsulating film 26 1s leit by
patterning only 1n the cell region 11 1n this embodiment.
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Subsequently, as shown 1n FIG. 11B, the oxidation condi-
tions same as the first embodiment are employed and the first
conductive film 25 made of polysilicon on the first peripheral
circuit region I and the silicon substrate 20 on the second
peripheral circuit region III are thermally oxidized. Then, a
thermal oxide film formed by the oxidation 1s used as the third
insulating film 28, and the third msulating film 28 and the
second 1nsulating film 26 are made to be the insulator 29.

Then, by performing the same process as FIG. 4E of the
first embodiment, the first conductive film 25, the insulator
29, and the second conductive film 30 are patterned as shown
in FIG. 11C. As a result, a laminated body of the first con-
ductor 254, the third insulating film 28 constituting the 1nsu-
lator 29, and the second conductor 30a 1s formed 1n the first
peripheral circuit region I. Then, a laminated body of the
floating gate 254 that will constitute the flash memory cell
later, the imntermediate msulating film 294, and the control
gate 304 1s formed 1n the cell region 1I.

Next, as shown 1 FIG. 11D, n-type impurity 1s ion-im-
planted into the silicon substrate 20 through the third window
31a of the third resist pattern 31 1n the same manner as FIG.
4F of the first embodiment. With the 10on implantation, the first
to fourth n-type source/drain extensions (32a to 32d) are
tformed 1n the silicon substrate 20 beside the tloating gate 254
and the gate portion 25¢. After that, the third resist pattern 1s
removed.

Subsequently, as shown 1n FIG. 1E, after the silicon nitride
film 1s formed on the entire surface, the silicon nitride film 1s
etched back to leave it as the first insulative sidewalls 33 on
the side surfaces of the second conductor 30a and the floating
gate 25d.

Next, description will be made for the process until the
sectional structure shown in FIG. 11F will be obtained.

Firstly, the fourth resist pattern 34 1s formed on each region
(I to III). The fourth resist pattern 34 covers the cell region 11
and has a gate electrode shape on the second peripheral circuit
region I11. The first peripheral circuit region I 1s not covered
by the fourth resist pattern 34 but exposed.

Then, the mixed gas of Cl, and O, 1s employed as etching
gas and plasma etching 1s performed to the second conductor
30a of the first peripheral circuit region I and the second
conductive film 30 of the second peripheral circuit region 11
while the fourth resist pattern 34 1s used as a mask. As a result,
all of the second conductor 30a 1s removed to expose the third
insulating film 28 and the first insulative sidewalls 33 pro-
trude from the top surface of the third insulating film 28 1n the
first peripheral circuit region I, and a structure where the side
surfaces 33a of the sidewalls are exposed 1s obtained. Then,
the second conductive film 30 1s patterned 1nto first and sec-
ond gate electrodes (307, 30g).

The fourth resist pattern 34 1s removed after this.

Subsequently, as shown 1n FIG. 11G, n-type impurity 1s
ion-implanted 1nto the silicon substrate 20 through the fifth
window 35a of the fifth resist pattern 35 to form the fifth and
s1xth n-type source/drain extensions (32e, 32/) in the silicon
substrate 20 beside the first gate electrode 30f. After that, the
fifth resist pattern 35 1s removed.

Next, as shown i FIG. 11H, p-type impurity 1s 10n-1m-
planted into the silicon substrate 20 through the sixth window
36a of the sixth resist pattern 36 to form the first and second
p-type source/drain extensions (32g, 32/2) 1n the silicon sub-
strate 20 beside the second gate electrode 30g. After that, the
s1xth resist pattern 36 1s removed.

Next, description will be made for the process until the
sectional structure shown 1n FIG. 111 will be obtained.

Firstly, after the silicon oxide film 1s formed on the entire
surface by the CVD method, the silicon oxide film 1s etched
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back to form second insulative sidewalls 37 on the side sur-
faces 33a of the first insulative sidewalls 33, which have been
exposed after the second conductor 30a was removed (refer to
FIG. 11E), and on the third insulating film 28. The second
isulative sidewalls 37 are also formed on the control gate
304, and the first and second gate electrodes (307, 30g).

Further, by continuing the etchback, the third insulating
f1lm 28 that constitutes the mnsulator 29 on the pad portion 2556
1s etched by using the second isulative sidewalls 37 as a
mask. Thus, the third insulating film 28 of the pad portion 255
1s patterned to form a third opening 295, and a structure 1s
obtained where a curved surface 37a of the second 1nsulative
sidewall 37 1s 1n a continuous shape with the side surface of
the third opening 295, as shown 1n the dotted line circle.

Further, the first insulating film 24 1s patterned by this etch
back while the second 1nsulative sidewalls 37 function as a
mask, and the first insulating film 24 1s left as the gate 1nsu-
lating film 24a and the tunnel msulating film 245 under the
gate portion 25¢ and the floating gate 25d, respectively.

Furthermore, the third insulating film 28 1s patterned 1n the
second peripheral circuit region III, and 1t 1s ledt as the gate
insulating films (28a, 285) under the first and second gates
(307, 309).

Subsequently, similar to the process of FIG. 4L described
in the first embodiment, the first to sixth n-type source/drain
extensions (38a to 38f) are formed 1n the silicon substrate 20
beside the gate portion 25¢, the floating gate 254, and the first
gate electrode 30/ by the 1on implantation using the seventh
resist pattern 39 as a mask, as shown 1n FIG. 11J. After that,
the seventh resist pattern 39 1s removed.

With the foregoing processes, the basic structures of the
reference transistor TR, » the tlash memory cell FL, and the
n-type MOS transistor TR have been completed.

Next, similar to the process of FIG. 4M described 1n the
first embodiment, the first and second p-type source/drain
regions (38g, 38/) are formed 1n the silicon substrate 20
beside the second gate electrode 30g by the 1on implantation
using the eighth resist pattern 40 as a mask, as shown 1n FIG.
11K. After the 1on implantation i1s ended, the eighth resist
pattern 40 1s removed. Then, with this process, the p-type
MOS transistor TR, described in the first embodiment 1s
completed 1n the second peripheral circuit region III.

Subsequently, by performing the process of F1G. 4N of the
first embodiment, the first to eighth-silicide layers (41a to
41/) are formed on the surface layer of each of the source/
drain regions (38a to 38/%), and the first interlayer imnsulating
{1lm 44 on them 1s patterned to form first to ninth holes (44a
to 441).

Subsequently, by performing the process of FIG. 40 of the
first embodiment, the first to ninth conductive plugs (45a to
457) that are electrically connected with each of the source/
drain regions (38a to 38/2) are formed 1n the first to ninth holes
(44a to 441i).

The forming processes of the second interlayer imnsulating,
film and the copper wiring 1s performed after this, but 1its
explanation will be omitted because the processes are the
same as the first embodiment.

According to this embodiment described above, the second
insulating film 26 on the contact region CR can be removed
without adding an excessive mask process 1n the process
shown 1n FIG. 11A due to reasons described in the first to
third embodiments, and 1t 1s possible to prevent the device
isolation isulating film 21 from being etched when removing
the second 1nsulating film 26.

Further, 1n the process shown in FIG. 11F, the fourth resist
pattern 34 was formed not covering the first peripheral circuit
region I, and the second conductor 30a on the first peripheral
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circuit region I was etched and removed. According to this
method, the fourth window 34a 1s not formed 1n the fourth

resist pattern 34 as in FIG. 4H of the first embodiment, so that
there 1s no need to consider alignment between the fourth
window 34qa and the second conductor 30q and the alignment
accuracy of the fourth resist pattern 34 can be loosened.
Moreover, since 1t 1s possible to simplily the shape of the
fourth resist pattern 34 by an amount of the fourth window
34q that 1s not formed, exposure data required for forming the
fourth resist pattern 34 becomes smaller than for the first
embodiment, and labor for creating the exposure data can be
reduced.

(6) Fitth Embodiment

FIGS. 12 A to 12C are the in-process sectional views of the
semiconductor device according to the fifth embodiment of
the present invention. In these drawings, reference numerals
same as those of the first embodiment are attached to elements
explained in the first embodiment, and their explanation will
be omitted 1n the following.

First of all, description will be made for the process until
the sectional structure shown 1 FIG. 12A will be obtained.

Firstly, by performing the process of FIG. 4C of the first
embodiment, a polysilicon film having the thickness of about
180 nm 1s formed as the second conductive film 30 on the
second and third insulating films (26, 28) as shown in FIG.
12A.

After that, a silicon nitride film having the thickness ot 70
nm or more 1s formed as an anti-reflection film 350 that pre-
vents reflection of exposure light during patterning the first
and second conductive films (25, 30).

Next, as shown in FIG. 12B, the second resist pattern 18 1s
formed on the anti-reflection film 50, and the anti-reflection
f1lm 50, the first and second conductive films (25, 30) and the
insulator 29 are etched by using the second resist pattern 18 as
a mask. Mixed gas of Cl, and O, 1s used as etching gas for the
first and second conductive films (25, 30) made of polysilicon
in the etching. Further, mixed gas of CH; and O, 1s used as
ctching gas for the anti-reflection film 50 made of the silicon
nitride film and the second insulating film 26 made of the
ONO film.

As a result of the etching, the first and second conductive
films (25, 30) on the first peripheral circuit region I are made
into the first and second conductors (25a, 30a), and the first
and second conductive films (25, 30) and the msulator 29 on
the cell region II are made into the floating gate 254, the
control gate 304, and the intermediate mnsulating film 294,
respectively.

The second resist pattern 18 1s removed aiter this.

Subsequently, as shown 1n FIG. 12C, As of n-type impurity
1s 1on-1mplanted into the silicon substrate 20 under the con-
ditions of the accelerating energy of 50 KeV and the dose of
6x10'> ¢cm™, while the thick anti-reflection film 50 having
the thickness of 70 nm or more 1s used as a mask and 1on 1s
prevented from being implanted 1nto the control gate 304 and
the second conductive film 30 of the second peripheral circuit
region III by the anti-reflection film 50. Thus, the first to
fourth n-type source/drain extensions (32a to 32d) are formed
in the silicon substrate 20 beside the floating gate 254 and the
gate portion 23c.

After this, by performing the same processes of F1G. 4G to
4P described 1n the first embodiment, the basic structure of
the semiconductor device according to the present invention
1s completed.

In this embodiment described above, as shown in FIG.
12A, the anti-reflection film 50 on the control gate 304 has the
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thickness of equal to or more than 70 nm, so that the anti-
reflection film 50 can block 1on when the first to fourth n-type

source/drain extensions (32a to 32d) are formed by ion
implantation. Therefore, the third resist pattern 31 (see FIG.
4F), which was formed 1n the first embodiment 1n order to
prevent n-type impurity from being implanted into the second
conductive film 30 during 1on 1implantation, 1s not necessary,
and 1t 1s possible to simplily processes by the amount of the
forming process of the third resist pattern.

FIG. 13 1s the graph obtained by checking how much As™
ion was blocked depending on the thickness of the anti-
reflection film 50 made of the silicon nitride film. Particularly,
in this survey, percentage of the ratio between the concentra-
tion of B*, which was 1on-implanted into the second gate
clectrode 30¢g to achieve low resistance 1n the process of FIG.
4M, and the concentration of As™, which was implanted into
the second gate electrode 30g after passing through the anti-
reflection film 50 1n the 10n implantation process of FIG. 40,
has been calculated. The axis of ordinate of FIG. 13 denotes
the percentage.

As shown 1n FIG. 13, by setting the thickness of the anti-
reflection film 50 made of the silicon nitride film to 70 nm or
more, 1t 1s understood that almost all As™ are blocked by the
anti-reflection film 50.

(7) Sixth Embodiment

FIGS. 14A to 14Y are in-process sectional views of the
semiconductor device according to the sixth embodiment of
the present mvention, and FIGS. 15A to 15C are 1ts plan
VIEWS.

In this embodiment, although a logic-embedded memory
such as FPGA 1s fabricated similar to the first embodiment,
the function of the logic-embedded memory can be improved
significantly because a far larger number of transistors than
the first embodiment are formed.

First of all, description will be made for the process until
the sectional structure shown 1 FIG. 14A will be obtained.

Firstly, a trench 60a for STT 1s formed 1n a silicon substrate
60 where the first and second peripheral circuit regions (I, 111)
and the cell region II are defined, and silicon oxide 1s formed
as a device 1solation insulating film 61 1n the trench 60aq.
Then, the entire surface of the silicon substrate 60 1s thermally
ox1dized to form a thermal oxide film having the thickness of
about 10 nm, and 1t 1s used as a sacrifice insulating film 59.

Note that the second peripheral circuit region III of the
silicon substrate 60 1s further divided into a high voltage
transistor forming region Ill,,, a middle voltage transistor
forming region III,, and a low voltage transistor forming
region 111, .

Next, as shown 1n FIG. 14B, a first resist pattern 62 includ-
ing a first window 62a, where a region 1n which an n-type
MOS transistor 1s formed in the high voltage transistor form-
ing region III, and the cell region II are exposed, 1s formed on
the sacrifice 1nsulating film 59. A part of the first peripheral
circuit region I 1s also exposed from the first window 62a.
Then, P™ 1on of n-type impurity is ion-implanted into the
silicon substrate 60 through the first window 62a to form a
first n-well 63 1s formed 1 a deep portion of the silicon
substrate 60. Although the conditions of 10n 1implantation 1s
not particularly limited, the accelerating energy of 2 MeV and
dose of 2x10"° cm™ are employed in this embodiment.

The first resist pattern 62 1s removed after this.

Next, as shown in FIG. 14C, photoresist 1s coated on the
sacrifice mmsulating film 59, and 1t 1s exposed and developed to
form a second resist pattern 58. The second resist pattern 58
has a second window 58a, where a region 1n which an n-type
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MOS transistor 1s formed 1n the high voltage transistor form-
ing region 111, and the cell region II are exposed. A part of the
first peripheral circuit region I 1s also exposed from the sec-
ond window 58a.

Further, third and fourth windows (5856, 58¢) are formed 1n
the second resist pattern 58 on regions where the n-type MOS
transistors are formed 1n the middle voltage transistor form-
ing region I1I,  and the low voltage transistor forming region
I11,, respectively.

Then, by implanting B* 1on of the p-type impurity into the
silicon substrate 60 based on 1on implantation of the first
conditions as the accelerating energy of 400 KeV and the dose
of 1.5x10"° cm™, and the second conditions as the acceler-
ating energy of 100 KeV and the dose of 2x10'* c¢cm™ by using
the second resist pattern 58 as a mask, first to third p-wells (64
to 66) are formed.

N-type MOS transistors having high threshold voltage and
n-type MOS transistors having low threshold voltage are
formed 1n the high voltage transistor forming region 111 .., and
the latter threshold voltage 1s controlled by the first p-well 64.

The second resist pattern 58 1s removed aiter this.

Next, as shown 1n FIG. 14D, a third resist pattern 67 includ-
ing a fifth window 67 on a region, where the n-type MOS
transistor having high threshold voltage 1s formed 1n the high
voltage transistor forming region 111, 1n each of the regions
(I to III). In the third resist pattern 67, sixth and seventh
windows (67b, 67¢) are formed 1n addition to the fifth window
67a on regions where the n-type MOS transistors are formed
in the middle voltage transistor forming region III, , and the
low voltage transistor forming region III, .

Then, by implanting B* 1on of the p-type impurity into the
silicon substrate 60 based on the conditions as the accelerat-
ing energy of 100 KeV and the dose of 6x10"* cm™", fourth to
sixth p-wells (68 to 70) are formed.

Of these wells, the fourth p-well 68 controls the threshold
voltage of the n-type MOS transistors having high threshold
voltage, which will be formed later 1n the high voltage tran-
sistor forming region IIl,,. On the other hand, the fifth and
sixth p-wells (69, 70) have a function of a channel stop layer
for the n-type MOS transistors that will be formed later 1n the
middle voltage transistor forming region III,, and the low
voltage transistor forming region III; .

The third resist pattern 67 1s removed after this.

Subsequently, as shown 1n FIG. 14E, a fourth resist pattern
71 including eighth to tenth windows (71a to 71¢) onregions,
where p-type MOS ftransistors are formed i1n each region
(111, 111, , 111,), 1s formed on each region (I to III).

Then, by implanting P™ 1ion of the n-type impurity into the
silicon substrate 60 based on 10on implantation of the first
conditions as the accelerating energy of 600 KeV and the dose
of 1.5x10"° cm™, and the second conditions as the acceler-
ating energy of 240 KeV and the dose of 3x10"* cm™ by using
the fourth resist pattern 71 as a mask, second to fourth n-wells
(72 to 74) are formed.

P-type MOS transistors having high threshold voltage and
p-type MOS ftransistors having low threshold voltage are
formed 1n the high voltage transistor forming region 111, and
the latter threshold voltage 1s controlled by the second p-well
72.

The second resist pattern 71 1s removed aiter this.

Next, as shown 1n FIG. 14F, a fifth resist pattern 73 includ-
ing eleventh window 734 on a region, where the p-type MOS
transistors having high threshold voltage are formed 1n the
high voltage transistor forming region 111, 1s formed on each
region (I to III). On the fifth resist pattern 75, twelfth and
thirteenth windows (755, 75¢) are formed on regions where
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the p-type MOS transistors are formed in the middle voltage
transistor forming region III, , and the low voltage transistor
forming region III, .

Then, by implanting P ion of the n-type impurity into the
s1licon substrate 60 based on the conditions as the accelerat-
ing energy of 240 KeV and the dose of 6.5x10" cm™ while
the fifth resist pattern 75 1s used as a mask, fifth to seventh
n-wells (76 to 78) are formed.

Of these wells, the fifth n-well 76 controls the threshold

voltage of the p-type MOS transistors having high threshold
voltage, which will be formed later 1n the high voltage tran-
sistor forming region IIl,,. On the other hand, the sixth and
seventh n-wells (77, 78) have a function of a channel stop
layer for the p-type MOS transistors that will be formed later
in the middle voltage transistor forming region 111, , and the
low voltage transistor forming region III, .

The fifth resist pattern 75 1s removed after this.

Subsequently, as shown 1n FIG. 14G, a sixth resist pattern
79 including a fourteenth window 794 on the first peripheral
circuit region I and the cell region 11 1s formed 1n each region
(Ito III). Then, B™ of the p-type impurity 1s 1on-implanted into
the silicon substrate 60 under the conditions of the accelerat-
ing energy of 40 KeV and the dose of 6x10'° cm™ while the
s1xth resist pattern 79 1s used as a mask, and a first p-type
impurity ditffusion region 80 1s formed. The first p-type impu-
rity diffusion region 80 serves to control the threshold voltage
of a flash memory cell that will be formed later in the cell
region I1.

After this, the sixth resist pattern 79 1s removed.

Next, description will be made for the process until the
sectional structure shown 1n FIG. 14H will be obtained.

Firstly, the sacrifice msulating film 39 1s removed by wet
etching of hydrofluoric acid solution to expose a clean surface
of the silicon substrate 60. Then, a thermal oxide film having
the thickness of about 10 nm 1s formed on the silicon substrate
60 1n the mixed atmosphere of Ar and O, under the thermal
treatment condition to set the temperature of substrate to 900°
C. to 1050° C., and 1t 1s used as a first insulating film 81. The
first insulating film 81 will be the tunnel insulating film of the
flash memory cell later.

Subsequently, description will be made for the process
until the sectional structure shown in FIG. 141 will be
obtained.

Firstly, a polysilicon film into which phosphorous 1s doped
in-situ 1s formed on the first insulating film 81 at the thickness
of about 90 nm by the low pressure CVD method where SiH,
and PH, are used as reactive gas, and 1t 1s used as a first
conductive film 82. Subsequently, the first conductive film 82
1s patterned by photolithography and removed from the sec-
ond peripheral circuit region I11. The first conductive film 82
in the cell region 11 becomes a stripe shape in word line
directions.

Next, a silicon oxide film and a silicon nitride film are
tormed 1n this order on the first conductive film 82 and the first
insulating film 81 1n the second peripheral circuit region 111 1n
the thickness of 5 nm and 10 nm, respectively, by using the
low pressure CVD method. Further, the surface of the silicon
nitride film 1s oxidized 1n O, atmosphere under the condition
of substrate temperature at about 930° C. to form a silicon
oxide film having the thickness of about 3 nm on the surface
of the film. Consequently, the ONO film, where the silicon
oxide film, the silicon nitride film, and the silicon oxide film
are laminated 1n this order, 1s formed as a second insulating
film 83 on the entire surface.

Note that due to the thermal treatment when oxidizing the
s1licon nitride film 1n the ONO film or the thermal treatment
when forming the first insulating film 81 described in FIG.
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14H, the impurity 1n the wells that were formed 1n the silicon
substrate 60 1s diffused by about 0.1 to 0.2 um or more and the
impurity distribution in the wells becomes broad.

Subsequently, as shown 1n FIG. 141, a seventh resist pattern
84 including a fifteenth window 84a on aregion, where n-type
transistors are formed 1n the middle voltage transistor form-
ing region I, ., 1s formed on each region (I to III). Then, B*
of the p-type impurity 1s 1ion-implanted into the silicon sub-
strate 60 under the conditions of the accelerating energy of 30
KeV and the dose of 5x10'* cm™", while the seventh resist
pattern 84 1s used as a mask and the first and second insulating
films (81, 83) are used as a through-film. Consequently, a
second p-type impurity diffusion region 85 for adjusting the
threshold voltage of the n-type transistor 1s formed 1n the
middle voltage transistor forming region III, ..

After this, the seventh resist pattern 84 1s removed.

Next, as shown 1n FIG. 14K, an eighth resist pattern 86
including a sixteenth window 86a on a region, where p-type
transistors are formed 1n the middle voltage transistor form-
ing region 111, ,, 1s formed on each region (I to III). Then, As™
ion of the n-type impurity 1s 1on-implanted into the silicon
substrate 60 under the conditions of the accelerating energy of
150 KeV and the dose of 3x10'* cm™, while the eighth resist
pattern 86 1s used as a mask and the first and second 1nsulating
films (81, 83) areused as a through film. Consequently, a first

n-type impurity ditfusion region 87 for adjusting the thresh-
old voltage of the p-type transistor 1s formed 1n the middle
voltage transistor forming region III, ..

After this, the eighth resist pattern 86 1s removed.

Next, as shown 1n FIG. 141, photoresist 1s coated on the
second sulating film 83, and it 1s exposed and developed to
form a ninth resist pattern 88 including a seventeenth window
88a on the low voltage transistor forming region III, .

Two n-type MOS transistors having high threshold voltage
and low threshold voltage and two p-type MOS transistors
having high threshold voltage and low threshold voltage will
be formed later 1n the low voltage transistor forming region
III,, and the above-described seventeenth window 88a 1is
formed on a region where the n-type MOS transistor having
high threshold voltage will be formed.

Then, B™ of the p-type impurity 1s ion-implanted into the
silicon substrate 60 through the seventeenth window 88a
under the conditions of the accelerating energy of 10 KeV and
the dose of 5x10"* cm™, while the first and second insulating
films (81, 83) are used as a through film. Consequently, a
third p-type impurity diffusion region 89 for adjusting the
threshold voltage of the n-type transistor having high thresh-
old voltage 1s formed in the low voltage transistor forming
region III, .

After this, the minth resist pattern 88 1s removed.

Subsequently, as shown 1n FIG. 14M, a tenth resist pattern
90 including a tenth window 90a on a region, where an p-type
transistor having high threshold voltage 1s formed 1n the low
voltage transistor forming region III,, 1s formed on each
region (I to III). Then, As™ 1on of the n-type impurity is
ion-implanted into the silicon substrate 60 under the condi-
tions of the accelerating energy of 100 KeV and the dose of
5x10" cm™, while the first and second insulating films (81,
83) are used as a through-film, and a second n-type impurity
diffusion region 91 for adjusting the threshold voltage of the
p-type transistor having high threshold voltage 1s formed.

The tenth resist pattern 90 1s removed after the 10n 1implan-
tation 1s finished.

With the foregoing processes, the formation of the diffu-
sion regions (85, 87, 89, 91) for controlling the threshold
voltage of the transistors in the second peripheral circuit
region III has been completed, so that the first and second
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insulating films (81, 83) in the second peripheral circuit
region 111, which were used as the through-film 1n forming the
diffusion regions by 1on implantation, are notnecessary in the
following processes.

Therelore, 1n the next process shown 1n FIG. 14N, the first
and second 1nsulating films (81, 83) 1n the second peripheral
circuit region III are removed. To do this, an eleventh resist
pattern 92 covering the cell region II 1s formed on the second
insulating film 83 as shown 1n FIG. 14N. The contact region
CR of the first conductive film 82 in the first peripheral circuit
region I and the second peripheral circuit region III are not
covered by the eleventh resist pattern 92 but exposed.

Next, the second insulating film 83 on the contact region
CR and the first and second insulating films (81, 83) 1n the
second peripheral circuit region III are etched and removed
by plasma etching using the mixed gas of CH; and O, and by
subsequent wet etching by HF solution while the eleventh
resist pattern 92 1s used as a mask. Consequently, the second
insulating film 83 1s left only 1n a region other than the contact
region CR and the silicon substrate 60 in the second periph-
eral circuit region III 1s exposed.

Then, after removing the eleventh resist pattern 92 by
oxygen ashing, the surface of the silicon substrate 60 1is
cleaned by wet treatment.

Next, description will be made for the process until the
sectional structure shown 1n FIG. 140 will be obtained.

Firstly, the oxidizing condition where substrate tempera-
ture 1s setto 850° C. 1s employed, and the surface of the silicon
substrate 60 exposed 1n the second peripheral circuit region
I1I 1s thermally oxidized only by the thickness of 13 nm, and
a thermal oxide film formed by the thermal oxidation 1s used
as a third insulating film 94. In this thermal oxidation, the
third insulating film 94 made of thermal oxide film 1s also
formed on the contact region CR of the first conductive film
82 that 1s not covered by the second insulating film 83 but
exposed.

Next, a twellth resist pattern 93 1s formed on the cell region
II and the high voltage transistor forming region IIl,,. Then,
the third insulating film 94 on the middle voltage transistor
forming region III,, and the low voltage transistor forming
region III, 1s etched and removed by wet etching using HF
solution while the twellth resist pattern 93 1s used as a mask.
Further, 1n this etching, the third insulating film 94 made of
thermal oxide film on the contact region CR of the first con-
ductive film 82 1s also etched, by which the contact region CR
1s exposed.

After this, the twellth resist pattern 93 1s removed.

Next, description will be made for the process until the
sectional structure shown 1n FIG. 14P will be obtained.

Firstly, the oxidizing condition where substrate tempera-
ture 1s set to 850° C. 1n oxygen atmosphere 1s employed, and
the surface of the silicon substrate 60 exposed 1n the middle
voltage transistor forming region III,, and the low voltage
transistor forming region III, 1s thermally oxidized only by
the thickness of about 6 nm, and a thermal oxide film formed
by the thermal oxidation 1s used as a fourth insulating film 96.
The fourth 1msulating film 96 1s also formed on the contact
region CR of the first conductive film 82 similar to the previ-
ous third insulating film 94.

Subsequently, a third resist pattern 95 1s formed on the cell

region II, the high voltage transistor forming region 111, and
the middle voltage transistor forming region III,,. Then, the
fourth insulating film 96 on the contact region CR and the low
voltage transistor forming region 111, 1s etched and removed
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by wet etching using HF solution while the thirteenth resist
pattern 95 1s used as a mask.

After this, the thirteenth resist pattern 95 1s removed.

Next, description will be made for the process until the
sectional structure shown 1n FIG. 140Q) will be obtained.

Firstly, the oxidizing condition where substrate tempera-
ture 1s set to 850° C. 1n oxygen atmosphere 1s employed, and
s1licon of an area that 1s not covered by the second to fourth
insulating films (83, 94, 96) 1s thermally oxidized only by the
thickness of about 2.2 nm. Thus, a thermal oxide film having
the thickness of about 2.2 nm 1s formed as a fifth insulating
film 97 on the surfaces of the contact region CR of the first
conductive film 82 made of polysilicon and the silicon sub-
strate 60 1n the low voltage transistor forming region 111, . The
fifth 1insulating film 97 1s formed adjacent to the second 1nsu-
lating film 83, and the second and fifth insulating films (83,
97) constitute an 1msulator 99. Note that the thickness of the
fifth insulating film 97 formed 1n the contactregion CR 1n this
manner 1s significantly thinner than the second insulating film
83.

Further, as a result of forming the fifth insulating film 97 by
thermal oxidation, the final thickness of the third mnsulating
f1lm 94 and the fourth insulating film 96 becomes 16 nm and
7 nm, respectively.

Thereatter, a non-doped polysilicon film having the thick-
ness of about 180 nm 1s formed as a second conductive film
100 on the entire surface by the low pressure CVD method
using SiH, as reactive gas.

Next, description will be made for the process until the
sectional structure shown 1n FIG. 14R will be obtained.

Firstly, photoresist 1s coated on the second conductive film
100, and 1t 1s exposed and developed to form a fourteenth
resist pattern 101. Next, the first and second conductive films
(82, 100) and the mnsulator 99 are patterned by using the
fourteenth resist pattern 101 as an etching mask. The pattern-
ing 1s conducted 1n a plasma etching chamber, the mixed gas
of Cl, and O, 1s used as etching gas for the first and second
conductive films (82, 100) made ol polysilicon, and the mixed
gas of CH; and O, 1s used as etching gas for the second
insulating film 83 made of the ONO film constituting the
insulator 99.

As aresult of the patterning, the first and second conductive
f1lms (82, 100) in the first peripheral circuit region I are made
into first and second conductor (835a, 100a) respectively while
the second conductive film 100 1s left in the second peripheral
circuit region III. In the cell region, the first and second
conductive films (82, 100) and the insulator 99 are made into
a floating gate 82d, a control gate 1004, and an intermediate
insulating film 994, respectively.

After this, the fourteenth resist pattern 101 1s removed.

FIG. 15A 1s the plan view alter completing the process, and
the above FIG. 14R corresponds to the sectional view taken
along G-G line of FIG. 15A. It 1s to be noted that the second
conductor 100q 1s omitted in the first peripheral circuit region
I and the second peripheral circuit region III 1s omitted to
make the layout of be easily read 1n FIG. 15A.

As shown 1n FIG. 15A, the second conductor 82a 1s made
up of a pad portion 826 and a gate portion 82¢ on the first
insulating film 24.

Next, description will be made for the process until the
sectional structure shown 1n FIG. 14S will be obtained.

Firstly, by thermally oxidizing the side surfaces of the
floating gate 824 and the control gate 1004, an extremely thin
thermal oxide film (not shown) 1s formed on the side surfaces.
The thermal oxide film serves to improve the retention char-
acteristic of the flash memory cell.

Subsequently, a resist pattern (not shown) covering the
second conductor 100a, the control gate 1004, and the second
conductive film 100 1s formed, and As™ 1s 1on-1implanted as

n-type impurity into the silicon substrate 60 by using the resist
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pattern as a mask. Although the conditions of the 10n 1mplan-
tation 1s not particularly limited, the accelerating energy ot 50
KeV and dose of 6x10'* cm™, for example, are employed in
this embodiment. As a result of such 1on implantation, second
to fourth n-type source/drain extensions (10256 to 102d) are
formed 1n areas beside the first conductor 82a and the tloating
gate 82d.

The above-described resist pattern 1s removed after this,
and the side surfaces of the floating gate 824 and the control
gate 1004 are thermally oxidized again to form a thermal
oxide film (not shown).

Next, as shown 1n FIG. 147, after forming a silicon mitride
film on the entire surface, 1t 1s etched back to leave 1t as first
sidewalls 103 on the side surfaces of the second conductor
100a and the floating gate 82d.

Next, as shown 1n FIG. 14U, the second conductor 100a on
the first peripheral circuit region I and the second conductive
film 100 on the second peripheral circuit region III are pat-
terned by photolithography. Consequently, the second con-
ductor 100qa on the contact region CR 1s removed and a {irst
opening 1006 1s formed, and first to tenth gate electrodes
(100e to 1007) made of the patterned second conductive film
100 are formed 1n the second peripheral circuit region I11.

Subsequently, as shown 1n FIG. 14V, the n-type impurity
such as As 1s 1on-1implanted into the silicon substrate 60 by
using the first to tenth gate electrodes (100e to 100%) and a
resist pattern (not shown) as a mask, and thus fifth to four-
teenth n-type source/drain extensions (102e¢ to 102x2) as
described 1n the drawing are formed. Similarly, by perform-
ing 10on implantation of the p-type impurity such as B into the
silicon substrate 60, first to tenth p-type source/drain exten-
sions (102p to 102y) as shown 1n the drawing are formed.
Note that the implantation of the above-described n-type
impurity and p-type impurity are severally performed using
resist patterns (not shown) and the resist patterns are removed
alter the 10n 1implantation 1s completed.

Next, description will be made for the process until the
sectional structure shown 1n FIG. 14W will be obtained.

Firstly, after forming a silicon oxide film on the entire
surface, the silicon oxide film 1s etched back to form second
insulative sidewalls 104 on the side surfaces of the second
conductor 100a, the control gate 1004, and the first to tenth
gate electrodes (100e to 100%). Then, by performing over-
ctching after the etchback, the fifth insulating film 97 consti-
tuting the insulator 99 on the pad portion 255 1s etched while
the second 1nsulative sidewalls 104 are used as a mask. Thus,
a second opening 99q having a smaller diameter than the first
opening 1005 1s formed on the 1nsulator 99, and the contact
region CR 1s exposed and the silicon substrate 60 of the
second peripheral circuit region II 1s exposed from the second
opening 99a.

Further, the first insulating film 81 1s patterned by the
etchback while the second msulative sidewalls 104 work as a
mask, and the first insulating film 81 1s left as the gate 1nsu-
lating film 81a and the tunnel nsulating film 815 under the
first conductor 82a and the floating gate 82d, respectively.

Furthermore, the third to fifth insulating films (94, 96, 97)
are patterned 1n the second peripheral circuit region 111 while
the first to tenth gate electrodes (100e to 100x) work as a
mask, and the insulating films are leit as gate insulating films
(94a to 944, 96a, 96b, 97a to 97d).

Subsequently, by 1on implantation using the second 1nsu-
lative sidewalls 104, control gate 1004, and the first to tenth
gate electrodes (100e to 1002) as a mask, first to fourteenth
n-type source/drain regions (105a to 105#) and first to four-
teenth p-type source/drain regions (105p to 105y) as shown in
the drawing are formed. The implantation of the above-de-
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scribed n-type impurity and p-type impurity are severally
performed using resist patterns (not shown) and the resist
patterns are removed after the 10on implantation 1s completed.

With the above processes, the n-type MOS transistors (TR
(Low Vth), TR (High Vth) and the p-type MOS transistors

(TR (Low Vth), TR (High Vth), which constitute the logic
circuit such as a sense amplifier, are formed in the high
voltage transistor forming region IIl,, and the low voltage
transistor forming region I11, . Low Vth and High Vth attached
to each transistor denotes high/low of the threshold voltage of
the transistor.

When transistors having high threshold voltage and low
threshold voltage are mixed, 1t 1s possible to operate the
circuit 1n high-speed by using transistors having low thresh-
old voltage. At a stand-by state, the transistors having low
threshold voltage are turned oiff and transistors having high
threshold voltage are used instead and they can suppress
leakage current that occurs during stand-by.

Further, of the above-described transistors, transistors
formed in the high voltage transistor forming region III,
become high voltage transistors having the voltage of 5V
applied to the gate electrodes and transistors formed 1n the
low voltage transistor forming region 11, become low voltage
transistors having 1.2V.

Then, the n-type MOS transistor TR and the p-type MOS
transistor TR, whose applied voltage 1s 2.5V, are formed n
the middle voltage transistor forming region 111, ,as shown 1n
the drawing.

On the other hand, a flash memory cell FL, which 1s made
up of the control gate 1004, the intermediate insulating film
994, the tloating gate 824, the tunnel insulating film 8154, and
third and fourth n-type source/drain regions (105¢, 103d), 1s
formed 1n the cell region II.

FIG. 15B 1s the plan view after completing the process, and
the previous FIG. 14W corresponds to the sectional view
taken along H-H line of FIG. 13B. It is to be noted that the
second peripheral circuit region III 1s omitted to make the
layout be easily read in FIG. 15B.

As shown 1n FIG. 15B, a first n-type source/drain region
1054 1s formed 1n the silicon substrate 60 beside the gate
portion 82¢ of the first conductor 82a. Then, the first and
second n-type source/drain regions (105a, 105b), the gate
insulating film 81a (refer to FIG. 14W), and the gate portion
82¢ constitute the reference transistor 1R, -

Next, description will be made for the process until the
sectional structure shown 1n FIG. 14X will be obtained.

Firstly, after a cobalt film 1s formed on the entire surface at
the thickness of about 8 nm by the sputtering method, the
cobalt film 1s annealed to allow 1t to react with silicon. Then,
the cobalt film on a device 1solation msulating film 61 or the
like, which has not been reacted, 1s removed by wet etching to
form cobalt-silicide layers (1065 to 106y) on the surface layer
of the silicon substrate 60 and gate electrodes.

Subsequently, a silicon nitride film 1s formed 1n the thick-
ness of about 50 nm by the CVD method, and 1s used as an
etching stopper film 107. Next, a silicon oxide film as a sixth
insulating film 108 1s formed on the etching stopper film 107
by the CVD method, and the etching stopper film 107 and the
sixth insulating film 108 are made to be a first interlayer
insulating film 109. Note that the thickness of the sixth 1nsu-
lating {ilm 108 1s about 1 um on the flat surface of the silicon
substrate 60.

Subsequently, the top surface of the first interlayer imnsulat-
ing film 109 1s polished to make 1t flat by the CMP method.
Then, the first interlayer isulating film 109 is patterned by
photolithography to form first, third to twenty-fifth holes
(1094, 109¢ to 109y). Of these holes, the first hole 109q 1s
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positioned on the contact region CR of the first conductor 824
and formed inside the first and second openings (10056, 994).
Further, the remaining third to twenty-fifth holes (109¢ to
109y) are respectively formed on the cobalt-silicide layers
(10656 to 106y).

Furthermore, a T1 film and a TiN film are formed 1n this
order the first, third to twenty-fifth holes (109a, 109¢ to 109y)
and on the first interlayer insulating film 109 by the sputtering
method, and they are used as a glue-film. Then, a W film 1s
tormed on the glue-film by the CVD method using tungsten
hexafluoride as reactive gas to completely fill the inside of the
first, third to twenty-fifth holes (109a, 109¢ to 109y). Then,
excessive W f1lm and glue-film formed on the top surface of
the first interlayer insulating film 109 are removed by the
CMP method, and they are leit as first, third to twenty-fiith
conductive plugs (110a, 110¢ to 110y) 1nside the first, third to
twenty-fifth holes (1094, 109¢ to 109y).

Next, description will be made for the process until the
sectional structure shown 1n FIG. 14Y will be obtained.

Firstly, after a low dielectric constant insulating film 111 of
a coating type 1s formed on the entire surface, a silicon oxide
f1lm 1s formed on it as a cover mnsulating film 112, and the low
dielectric constant insulating film 111 and the cover insulat-
ing 11lm 112 are made to be a second interlayer insulating film
113.

Subsequently, the second interlayer insulating film 113 1s
patterned by photolithography to form wiring grooves 113a.

Then, a Cu film 1s formed as a seed layer on the entire
surface by the sputtering method after deposition of TaN, an
clectrolytic copper plated film 1s formed on the seed layer by
supplying electric power to the seed layer, and each wiring
groove 113a 1s completely filled by the copper plated film.
After that, excessive seed layer and copper plated film formed
on the second interlayer mnsulating film 113 are removed by
the CMP method, and they are left in each wiring groove 1134
as copper wirings 114.

FIG. 15C 1s the plan view after the process has been fin-
ished, and the previous FIG. 14Y corresponds to the sectional
view taken along J-J line of F1G. 15C. It 1s to be noted that the
second peripheral circuit region III 1s omitted and copper
wirings 114 and the second interlayer insulating film 113 in
FIG. 15C are omitted to make the planar layout of each layer
be easily read.

As shown 1n the drawing, the second n-type source/drain
region 1s formed 1n the silicon substrate 60 beside the gate
portion 82¢ of the first conductor 82a, and a second conduc-
tive plug 1s electrically connected thereon. The second con-
ductive plug 1s formed 1nside the second hole formed in the
second interlayer insulating film, and 1s formed 1n the same
process as the remaining first, third to twenty-fifth conductive
plugs (110a, 110¢ to 110y).

With the foregoing processes, the basic structure of the
semiconductor device according to this embodiment 1s com-
pleted.

According to the manufacturing method of the semicon-
ductor device, as shown 1n FIGS. 14] to 14M, the wells (85,
87, 89, 91) for adjusting threshold voltage are formed 1n the
middle voltage transistor forming region III,, and the low
voltage transistor forming region 111, while the second insu-
lating film 83 1s used as a through-film. Then, as shown 1n
FIG. 14N, the second 1nsulating films 83, whose function as a
through-film has ended after the completion of 10n implanta-
tion, 1s removed on the second peripheral circuit region 111,
and the second msulating film 83 on the contact region CR of
the first conductor 82a 1s also removed simultaneously. As
described, since the removing process of the through-film
combines the removing process of the second 1nsulating film
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83 on the contact region CR, 1t becomes possible to remove
the second 1nsulating film 83 on the contact region CR with-
out adding an additional mask process.

According to the present invention, the step of removing
the second msulating film, which 1s not needed after it has
been used as the through-film for impurity implantation, in
the third region combines the step of removing the second
insulating {ilm on the contact region, so that the second 1nsu-
lating film above the contact region can be selectively
removed without adding an additional mask step.

Further, etching amount in the third region 1s larger than
that 1n the second region in the step of removing the second
insulating film. Therefore, by setting the etching amount on
this step to that in the third region, 1t 1s possible to prevent
excessive etching of the first and second insulating films 1n the
third region while the second insulating film in the second
region 1s completely removed and to prevent an etching from
occurring on the device 1solation msulating film or the like
under the films.

What 1s claimed 1s:

1. A semiconductor device comprising:

a laminated structure body, which integrally has on a first
region ol a semiconductor substrate: a first portion
where a first mnsulating film, a first conductor, a second
msulating film, and a second conductor sequentially
remain; a second portion where said first conductor and
said second conductor are laminated on said semicon-
ductor substrate; and a third portion where neither said
second 1nsulating film nor said second conductor
remains on said semiconductor substrate; and

a third 1nsulating film, which covers said laminated struc-
ture body and includes one or more holes where one or
more contact regions of said first conductor of said lami-
nated structure body are exposed at one or more parts of
said third portion, wherein said second conductor has a
first opening corresponding to said third portion, and

said second insulating film has a second opening that 1s
larger than said first opening.

2. The semiconductor device according to claim 1, wherein

said first insulating film 1s a silicon oxide film.

3. The semiconductor device according to claim 1, wherein
said second insulating film 1s an ONO f{ilm.

4. The semiconductor device according to claim 1, com-
prising;:

a flash memory cell made up of a tunnel insulating film, a
floating gate constructed from the same material as said
first conductor, an intermediate insulating film con-
structed from the same matenal as said second insulat-
ing film, and a control gate constructed from the same
material as said second conductor, which sequentially
remain on a second region of said semiconductor sub-
strate, and first and second source/drain regions remain-
ing in said semiconductor substrate beside said tloating
gate.

5. The semiconductor device according to claim 1, wherein

said first conductor 1s made up of a pad portion remaining
in said contact region and a gate

portion connected to the pad portion,

third and fourth source/drain regions remain 1n said semi-
conductor substrate beside said gate portion, and

said first insulating film, said gate portion, and said third
and fourth source/drain regions

constitute a transistor.

6. The semiconductor device according to claim 5, wherein

said first opening remains 1n said second conductor on said
contact region of said pad portion, a silicon oxide film
including said second opening on said pad portion inside
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said first opening remains, and said hole remains inside
said first and second openings.

7. The semiconductor device according to claim 1, wherein
said second conductor 1s 1n an electrically floating state.

8. The semiconductor device according to claim 1, wherein
turther

a fourth insulating film remains between said first conduc-
tor and said second conductor 1n the second portion.

9. A semiconductor device comprising:

a laminated structure body, which integrally has on a first
region ol a semiconductor substrate: a first portion
where a first insulating film, a first conductor, a second
insulating film, and a second conductor sequentially
remain; a second portion where said first conductor and
said second insulating film are laminated on said semi-
conductor substrate; and a third portion where neither
said second 1nsulating film nor said second conductor
remains on said semiconductor substrate; and

a third msulating film, which covers said laminated struc-
ture body and includes one or more holes where one or
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more contact regions of said first conductor of said lami-
nated structure body are exposed at one or more parts of
said third portion, wherein

said second insulating film has a first opening correspond-
ing to said third portion, and

said second conductor has a second opening that 1s larger
than said {irst opening.

10. The semiconductor device according to claim 9,

wherein said first conductor, said second 1nsulating film, and

10 said second conductor constitute a capacitor.

15

11. The semiconductor device according to claim 9,
wherein
two of said holes are formed at an interval, conductive
plugs that are electrically connected with said contact
regions remain in the each holes, and the two conductive
plugs and said first conductor constitute a resistive ele-
ment.
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